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THE USE OF PLASTICS IN THE PRODUCTION OF MEASURING INSTRUMENTS 
AND AUTOMATIC EQUIPMENT 


A. M. Vedmidskit 


The USSR national-economy development plans for 1959-65 provide a high rate of growth in instrument- 
making, For a further increase in the production of instruments, improvement of their quality, and economy 
of nonferrous metals, it {s necessary to extend the utilization of plastics, light alloys, etc,, materials with 
improved and special characteristics and properties, 


The June Plenum of the Soviet Communist Party Central Committee (1959) raised the importance of 
economy in nonferrous metals, In his speech at the Plenum Comrade N, S, Khrushchev said: “It is necessary 


to restrict the use of nonferrous metals, which are in short supply, and establish over their use a stricter 
supervision .* 


The CPSU Central Committee once more underlined the necessity for a rational employment of non- 


ferrous metals and issued a letter on the "Economy in the use of copper, nickel, tin, lead, and other nonferrous 
metals in the national economy", 


In recent years the use of plastics has been increased in the production of body components, lids, cases, 
handles for instruments, and various parts for automatic control instruments, The utilization of plastics in the 
production of measuring instruments, however, is still insufficiently widespread, In many factories and design, 
engineering, and scientific research organizations the technical and economic advantages of plastics are not 
taken into account, Yet many plastic components of measuring instruments and tools are lighter than metal 
components, have a higher electrical insulation, better absorption of vibrations,and smaller thermal conductivity, 
which is extremely valuable for certain precision instruments, It should be noted that ordinary plastic materials 
have a lower mechanical strength than metals, which, however, is not a basic technical requirement in selecting 
and specifying materials for individual parts of instruments, 


The chemical industry of the USSR manufactures various types of plastics and synthetic resins, whose 
production in 1959-65 will be increased more than sevenfold, 


In the manufacture of components for measuring instruments preference is given to phenol- formaldehyde 


plastics one of whose basic components {s phenol-form aldehyde resin, which is obtained by condensing phenol 
with formaldehyde, 


In addition to synthetic resins plastics contain various fillers (wood pulp, various fabrics, paper, etc,), 
which help to raise their mechanical strength, 


Molded materials (phenol- aldehyde plastics) are used in making components of various shapes by means 
of pressing or casting under pressure at high temperatures, 


Hot molding is the main technological method of making components from plastic powders, If the 
compressed material consists of a thermoreactive plastic, it will soften under pressure and heat, fill the mold, 
and after cooling acquire a nonfusible and nonsoluble state, The thermoplastic, contrary to the thermoreactive 
materials, become liquid under the action of heat and pressure, and solidify on cooling, but do not acquire a 
nonfusible and nonsoluble condition, Le., in case of subsequent heating they can be fused again, 
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In 1959, the Committee of Standards, Measures and Measuring Instruments attached to the Council of 
Ministets of the USSR issued information material entitled "Organic plastics, Classification, Technical nomen- 
clature, Basic properties", 


This publication includes extensive information material on modern plastics, giving their density, hardness, 
heat resistance, tensile strength, specific resilience, strain, resistivity, loss angle, permittivity, and electrical 
strength, Simultaneously,recommendations are made on the use of plastics, 


Parts from plastic powders are usually made on hydraulic presses, The required amount of material (powder) 
is poured into a metallic mold which reproduces the component in shape and size, 


The mold, placed on the stand of the press, is heated during operation by means of steam or electrically 
up to 150-200°C, Under the action of the press a pressure of 250 to 700 kg-wt/cm* is developed in the mold, 
For a successful molding of components under above conditions, the part should be kept under pressure for 0,5 
to 1,5 min per 1 mm of wall thickness, After the completion of the polymerization of the material used, the 


part is ejected from the mold, Labor productivity is increased by automation of molding and the use of multiple 
and combined molds, 


In order to obtain a high-quality plastic product it is necessary to measure out accurately various components 


and heat up the material before pressing, In order to raise productivity the molding material is first compressed 
into tablets on special tablet machines, 


Before molding the tablets are preheated, by means of high-frequency currents, uniformly and simultaneously 
over the whole of their volume, 


Tolerances for the dimensions of molded plastics are kept within the range of grades 4-5, Higher accuracy 
can be attained for certain parts of the mold,and a smaller one in the direction perpendicular to the split plane 
in the mold, The machining of plastic parts amounts to the removal of seams, and burrs, which are produced 
by the flowing of the molded material into the gaps at thesplits of the mold, The removal of ribs and(if necessary) 
bevelling are done by meass of cutting tools or carborundum disks, In certain instances small holes are bored, but 
threads are seldom cut, Molded plastics are difficult to machine, and therefore,the molds are made so as to produce 
parts in their final form as far as possible, 


Parts made of laminated, sheet plastic materials are mainly machined, Blanks are obtained by stamping 
(punching) of cutting sheets, Mechanical cutting of sheets is done by means of fine-toothed ribbon or disk saws, 
When the saw teeth become very blunt,a lot of heat is generated,which destroys the marerial of the blank, 


Plastic materials should be milled by means of special cutters with sharper teeth, A typical operation is the 
milling of tapers (to a point) or shoulders (rabbets), In working laminated material (such as textolite) the cutter 
must rotate in the direction of the feed, since otherwise the material becomes split,and the fibers are made to 
stick out. 


In machining textolite it is important to select correct cutting conditions, Optimum cutting speeds have 
been established for each material, In order to improve the quality of the plastic surfaces,the cutting should be 
made at relatively slow feeds and a high speed of rotation, 


One of the problems of technical progress in instrument-making is the wider use of plastic materials, 


In the near future the design of instruments should be modernized, providing for a wide use of unified and 
standardized parts which can be made of plastics, and highly productive technological processes of making 
and assembling parts should be developed and adopted, At the same time the equipment for the production and 
processing of plastic parts should be improved,and the use of automatic devices for this purpose should be extended, 
Considerable economic advantages are derived from a centralized manufacture of standardized plastic parts 
such as bushings, disks, rollers, panels, casings, etc, 


In making parts for instruments measuring dimensions, and especially for automatic machines, transducers, 
and electric units, only high-quality plastics should be used, which will ensure reliable operation of instruments 
after long use, 


The introduction of plastic parts in the construction of mechanical lever, pneumatic,and opticomechanical 
measuring instruments is just as important, 
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The use of plastic parts is especially effective in large-scale mass production of measuring instruments, 
The output of measuring-instrument mechanical assembly shops can be increased in the majority of cases by 
modernizing the designs of instruments and the production of standard plastic parts,which are less labor-consuming 
than metal ones, A wider use of plastics in the construction of instruments can greatly decrease the general 
cost of machining and assembly of parts, the use of metal and its wastage in the form of shavings, 


In order to ensure a high quality and decrease the cost of production of plastic parts for measuring instru- 
ments, in particular those for the body of instruments and of parts of complicated shapes, it is recommended 


to mold-in metal parts of small dimensions (armoring), especially in places where the mechanical strength of 
the material of the basic part is insufficient, 


In order to decrease the labor consumption, and to improve the quality of measuring-instrument plastic 
parts under conditions of mass production,it is necessary to use hydraulic presses of the latest design, Soviet 
plants manufacture hydraulic presses PA-472A, PV-474 and P-476, respectively, for nominal efforts of 63, 100 


and 160 ton-wt, These presses are equipped with hydraulic ejectors and devices for controlling the effort exerted, 
The electrical equipment is designed for semiautomatic operation, 


Our industry also produces casting machines equipped with hydraulic individual feeds and electrical heating 


of cylinders of types LM-50, LM-125, LM-250 and LM-500 for molding polymer plastic parts weighing up to 
500 g, 


The cost of production of plastic parts could also be lowered by improving the equipment already in use 


by means of introducing automatic control of pressure, temperature, compression time and separation of molds 
‘n hydraulic presses and casting machines, 
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LINEAR MEASUREMENTS 


PHOTOELECTRIC MICROSCOPES FOR COMPARING GRADUATED 
LINEAR MEASURES 


L. K. Kayak and S, I, Toropin 


Highly accurate linear measures have been widely used in recent years in precision machine tools and 
instruments,not only as reference or setting measures, but also as generators of pulses in automatic lathes with 
program control, The accuracy of the linear measures now determines the accuracy of the tools and instruments 
themselves, Thus, the necessity has arisen of developing new, more accurate, and more productive methods of 
measuring linear measures, Work in this connection is being conducted both in the Soviet Union and abroad, 


The most promising are the photorecording methods, attained by means of special photoelectric micro- 
scopes with an objective sighting the graduations, 


Interesting work in this connection was carried out in Geneva by the SIP Co [1] and the National Physical 
Laboratory in Britain [2], The photoelectric method of sighting graduation was successfully used by A, L Kar- 


tashev in the optical laboratory of the All-Union Scientific Research Institute of Metrology in measuring inter- 
ference patterns [3], 


Work on the application of the photoelectric method of sighting was continued in the Institute during 
1956-58 in order to develop new microscopes for metrological comparators, 


The developed experimental photoelectric microscope {is suitable not only for sighting graduations,but also 
for direct measurement of length differences read off a comparator by the objective method, Its schematic as 
applied to a four-meter comparator is shown in Fig, 1, 


A beam from the STs-79 straight filament lamp 1 passes through a condenser 2 and slit 3,and is directed 
by mirror 7 to the vibrator mirror 6, 


The vibrator mirror directs the oscillating beam of light through the objective of microscope 8 to the scale 
of measure 9. 


The image of the light slit (or the lamp filament) is placed parallel to the scale graduations, The surface 
of the graduated, highly polished scale reflects the light beam which passes through the objective and is then 
directed by prism 10 onto photocell 11, which is fixed to the microscope tube, 


When the image of the lamp filament, which is displaced by the oscillating vibrator along the scale, 
passes over a graduation,its luminous flux decreases, The decrease in the flux is registered by the photocell, 
which converts variations of the luminous flux into electrical signals, The ac voltage produced by the photocell 
is amplified by a tube amplifier 12 and is fed to the vertical deflecting plates of a cathode-ray oscilloscope 
£0-7 13, Two curves can be secn on the screen of the oscilloscope, since the image of the filament passes, 
during one full period of the mirror’s oscillation, twice over the graduation, namely,in the forward and reversed 
directions, 


The passage of the filament image over the graduation will produce on the screen of the oscilloscope a 
spike, If the graduation observed in the microscope is exactly in the middle of the oscillatory swing of the 
filament image, the forward and reverse curve spikes will coincide, If the spikes do not coincide, it means that 
the graduation is displaced from the center of the swing, 
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In order to be able to determine by means of the microscope the value of the deviation in the position 
of the graduation from the microscope's zero point, which is the center of the filament image swing, it is 
necessary to displace either the scale or the center of the swing and measure the displacement, For this purpose 
it is possible to use an electronic device based on the measurement of the asymmetry of electrical signals 
with respect to time in combination with a measuring electrical instrument, Three measuring devices (Fig, 1) 
were used with the experimental microscope: a micrometer screw with a moving slit 3, optical micrometers 
with a plane-parallel plate 4, and an optical wedge 5, 


The displacement of the slit, turning of the plane-parallel plate, or the movement of the wedge along 
the axis of the microscope produce in each case a corresponding displacement in the direction of the light beam, 
and hence,of the center of the beam vibrations, 


The micrometer reading is taken when the two spikes coincide, that is,when the graduation observed 
through the microscope is precisely in the middle of the filament image swing, 


Knowing from previous calibration the value of the micrometer graduations,it is possible to determine 
the value of the deviation under consideration in microns, 


The value of the smallest calibration of the experimental microscope's optical micrometer is 0,09y 
(in the plane of the observed object), 


The displacement of the curve spike on the oscilloscope screen by 1 mm is equivalent to approximately 
5 divisions of the micrometer scale, which corresponds to a displacement of 0,05 » of the middle of the swing 
in the plane of the measure, Thus, the total magnification of the experimental microscope is about 2000, 


Curves can be made to coincide on the screen of the oscilloscope with an accuracy of 0,2 mm, Thus, 
the error of a single sighting of a graduation by photoelectrical means amounts to some + 0,1y, 


The determination of the error of sighting by means of the photoelectrical microscope showed that the 
root-mean-square error of a number of measurements was + 0,15y. If several sightings are made per measurement 
instead of one (at present each graduation is sighted 12 times), the accuracy of measurement can be raised, 


The total magnification of the photoelectric microscope can be easily increased in practice, thus providing 
a theoretical decrease in the error of measurements to hundredths of a micron, 
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Since a considerable increase in the accuracy of superposing the curve spikes on the screen is difficult, 
it is possible that,in addition to using the cathode-ray tubesit would be advisable to employ electronic counting 
devices, 


In testing the experimental microscope it was found that increased accuracy in sighting a graduation was 
limited by the instability of the vibrator; thus, in repeated sighting of a graduation during several tens of minutes, 
the reading of the micrometer changed sometimes by as much as four divisions, or up to 0,364. However, 
even under these unfavorable condition the mean reading of three series of 25 sightingsof the same graduation, 
carried out separately by three different persons,only differed from each other by 0,03, In visual sighting by 
means of a normal eyepiece microscope ,the difference between the mean values of similar series of readings 
amounted to 0,2-0,3y. 


In order to avoid the effect of the vibrator instability,a more complex design of a photoelectric micro- 
scope was developed, a design which included two objectives whose field of vision included two graduations 


simultaneously, The use of such a microscope is especially convenient for comparing graduations of two linear 
measures the one under test and a reference measure, 


Having made the zero graduations of the two measures coincide, and taking the optical micrometer reading 
for zero, it is possible to measure, by means of the microscope measuring device, small differences in length 
between corresponding graduation intervals of the measures being compared, 


Figure 2 shows the schematic of a photoelectric microscope model with two objectives attached to a meter 
measuring machine, 


Contrary to the original microscope circuit,the illuminating device 1 and the vibrator 2 are now placed 
outside the microscope tube and the receiving photocell 6 is mounted in the ocular portion of the microscope, 
This proved to be more convenient, since it is now possible, by dismounting the photocell,to observe through the 
microscope eyepiece the vibrations of the filament image on the measures, 


On leaving the illuminator the light beam is directed either to the vibrator mirror and then to the dividing 
prism 3 or straight to the prism,which is then fixed to the vibrator, Thus, the same vibrating beam is directed 
(through the prisms 4 and 5) to surfaces of both the compared measures, Hence, the differences measured by the 
microscope micrometer will be free of any errors due to variations in the position of the vibrator during 
measurements, 


The double microscope design will not only increase the accuracy for measurement and speed up the 
checking of graduations of linear measures, but will also provide the possibility of making the measurements 
automatic by means of electronic computers, which is especially important when not only the total length and 
a few graduations,but each millimeter length,has to be certified in a scale over 1m _ long, Carrying out such 
work by means of existing methods requires a long time, 


In checking long measures the two are placed side by side,thus increasing considerably the measurement 
errors due to irregularities in the instrument table surface, That is why the accuracy of displacement along the 
table should always be checked (for instance, by the autocollimation method)and corrected by an appropriate 
device, In applying automatic correction it should be possible to make a self-adjusting table, 

LITERATURE CITED 
[1] H. Moreau, Mesures et contrdle industriel No. 16, 165 (1951). 
[2] S, Clark and A, H, Cook, J. Sci, Instr, 33 (1956), 


[3] A. L Kartashev, “A new method of measuring the speed of light? Trud, VNIIM No. 26/86 (1955), 




















MEASUREMENT OF OBJECT-MICROMETER TYPE SCALES 


N. A. Klientov 


Measurements of high-precision scales of the object- micrometer type, which can be viewed and measured 
under powerful microscopes, are becoming increasingly common in routine technical testing, 


Object-micrometers which are intended for determining the magnification and the linear field of vision 
of microscopes and calibrating eyepiece scales, are made in the shape of glass scales with a total length of 
1 + 0,003 mm and calibrations of 0,01 + 0,001 mm with graduations 0,002 4 0,001 mm wide, 


Our opticomechanical industry produces two types of object-micrometers, the OMO designed for 
reflected light,and the OMP for transmitted light measurements, 


The measurement of object-micrometers or microscales with a tolerance of + 0,001 mm as yet presents 
considerable difficulties, 


We have now constructed from units of mass-produced instruments a special set which is convenient in 
use and provides the required accuracy in measuring object-micrometer type scales (see figure), 


The instrument is based on a horizontal comparator IZA-2* in which the maker's visual microscope is re- 
placed by a part of the biological microscope MBI-3 mounted on a special plate with a rough and microadjusting 
mechanism 1, The microscope tube carries an illuminator 2 for observations in reflected light (opaque illumina- 
tor OI-6, supplied with a light filter), and a screw-type ocular micrometer 3 with a compensated eyepiece x15, 


The microscope has a type OS-41 objective 4 with a magnification of 18, F = 8,16, A = 0,37,and a tube 
for focusing at infinity used in a double microscope MIS-11, with a small field of vision curvature, thus making 
it possible to evaluate at sight by viewing through the microscope the uniformity of the object-micrometer 
graduations, 


The microscope tube has a standard thread, and it is therefore possible to use other objectives with infinity 
focuisng tubes which are included in the MIS-11 set, 


The mobile table 5 of the IZA-2 mictoscope carries stage 6 of the biological microscope MBI-3 with a 
preparation holder 7 type ST-12 for displacing the scales under observation, 


When measuring in transmitted light either type OI-19 illuminator 8 or an illuminating mirror is used, 


The new microscope has,with a tube 250 mm long,a magnification of 500, a small field of vision curvature, 
and a sufficiently large operating distance, 


The modifications made in the IZA-2 instrument extend its application and make it possible to measure 
not only scales of the object-micrometer type, but also other scales up to 200 mm long. 


The measured object-micrometer is placed on the object stage and secured by means of the preparation 
holder cleats, The object-micrometer graduations are then focused and any one of the long object-micro- 
meter graduations is placed, by moving the object stage, parallel to the vertical dotted line of the microscope 
eyepiece, 





*The comparator was improved by the VNIIM (registration certificate No, 6448, VI, 1957; see Trud, VNIIM, 
37/97, 1959), 





The zero graduation of the object-micrometer scale 
is made to coincide by moving the instrument table,with the 
microscope eyepiece dotted line,and a reading of the meas- 
uring microscope is then taken, 


Next the eyepiece dotted line is sighted against the 
next graduation which it is required to measure, and areading 
is taken, The difference in readings determines the distance 
between the observed graduations of the object-micrometer 
scale, 





Normally,only the distances between the long graduations (0,1 mm), and those of the short ones (0,01 mm) 
which appear irregular are measured, 


The maximum error of measurement does not exceed + 0,001 mm, providing the temperature is kept 
within the limits of 20 + 3°C, 


A specialized instrument for measuring object-micrometer type scales has now been installed in a production 
shop, By means of this instrument rapid and efficient measurements of object-micrometers are made according 
to the specification of GOST 7513-55, 


A METHOD OF MEASURING INTERNAL DIAMETERS OF PIPES 
BY MEANS OF AN ELECTRICAL HOLE GAUGE 


D. E, Rokhman and V, R, Tyr 


For many pipe-users the internal diameter of pipes is more important than any other type of dimensional 
parameters, However, the existing methods of measuring internal diameters of pipes (by means of go-gauges, 
tapers, vanes, etc,) do not provide a numerical value of the diameter over the entire length of the pipe, 


The instrument here described is intended for measuring pipe diameters over their entire length for research 
purposes; yet, a further improvement of its design and,in particular its equipment with a centering device, will 
convert this instrument into an engineering tool for checking the internal diameter of pipes, If required, the 
variations of the internal diameter valuescan be recorded on an oscilloscope film, 


The body 1 of the instrument holds spring 
2, whose bending is due to the vertical displace- 
ment of pins 3 caused by the variations of the 
internal diameter of the tube at any given cross 
section, The bending of the spring strains the 
resistance wire transducers glued to itstop and 
bottom surfaces,thus leading to an imbalance of the resistance bridge circuit, The current flowing through the 
bridge is amplified as required, and recorded on the oscilloscope film, The initial compression of the spring to 
a size near the maximum value of the pipe’s internal diameter is made by means of screw 4,and then the bridge 
is balanced, Such an adjustment procedure provides a higher-quality diagram, and makes it possible to use the 
instrument for measuring pipes with a wide range of diameter sizes, 





In order to measure the absolute value of the internal pipe diameters, the instrument is calibrated before and 
after testing against carefully machined sockets with precise internal diameters, The range of the sockets’ internal 
diameters must cover the maximum possible deviations of the pipe internal diameters, The spring tension must 
provide a tight contact between the instrument and the internal surface of the pipe,and yet ensure a free displace- 
ment of the moving pins 3 by means of the fingers of one’s hand (~ 3kg-wt), 
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The surface for gluing the transducers must not be smaller than 3,5 X 40 mm, 


A simple calculated allowance is made for the bending of pins due to their friction against the internal 
surface of the pipes, 


END-PIECES FOR INTERNAL MEASUREMENT DEVICES 


I. S. Vasilenko 


In the case of internal grooves or stepped diameters (Fig, 1) it is often difficult to measure accurately 
dimensions L owing to the large difference between dimensions L and / , 


For such measurements attachment IZO-1 to micrometer UIM-21,with an end-piece which has a large 
diameter sphere,can be used, 





YU 








a 








Fig, 1, 


Such an end-plece can be easily made from a ball bearing, by grinding off two of its segments and leaving 
a plate 4-6 mm thick, Theplate can bé pressed onto a stem (Fig, 2a) or glued to a flange with carbinol glue 
(Fig, 2b), The hole in the bearing can be made by either the ultrasonic or electrical spark method, 


CHECKING MPB-2 MEASURING MICROSCOPES 


F. P. Volosevich 


We have modified a horizontal comparator IZA-2 for checking the readings of measuring microscopes 
MPB-2 used with hardness testers TSh, 


Before checking, the objective and eyepiece of the comparator sighting microscope are removed together 
with their end-caps and replaced by specially made adaptors for accommodating the tube of the measuring micro- 
scope, The adaptors are made of duralumin, and have an internal diameter of 24 and 28 mm and an external 
one of 36 mm, The upper portion of the adaptor has a protruding shoulder, The coupling of the adaptors to the 
tube and the measuring microscope to the adaptors is made by means of a snug fit, 


The scale of the measuring microscope is fitted parallel to the axis of the IZA-2 table displacement by 
simply turning the measuring microscope in the adaptor, The scale of the measuring microscope is focused 
in the usual manner by displacing the eyepiece up or down along the helical slit, A gjass gauge block with a 
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linear or cross graduation perpendicular to the movement of the IZA~2 table is placed on the table, Instead of 
the gauge block with the graduations, it is also possible to use a templet rule, The focusing of the graduation in 
the measuring microscope is made by means of the IZA-2 rack and pinion gear, The superposing of the measuring 
microscope zero calibration on the graduation of the gauge block, and the subsequent displacement toward the 

end graduation of the scale,is made by means of IZA-2 table microdrive, 


The normal measuring microscopes MPB-2, used with hardness testers TSh, have a round base 50 mm in 
diameter, which makes it sometimes impossible to determine the diameter of the ball indentation in grooves, 
recesses, and other cavities existing in various products, With this in mind, we have altered several MPB-2 
measuring microscope stands to a base of 20-30 mm in diameter, instead of 50 mm, and in some of the micro- 
scopes we changed the base to an oval one of 20 X 30 mm, 


The manufacturing plants should produce in addition to the standard MPB-2 measuring microscopes also 
special ones with stands which have bases of various diameters and shapes, 
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MECHANICAL MEASUREMENTS 


ERRORS IN DETERMINING HARDNESS BY MEANS 
OF IMPACT -TYPE INSTRUMENTS 


B, A, Vandyshey 


Impact instruments of the Nikolaev, Schwarz, Bauman, Graven, Poldi, and other types are used in industry 
for determining the hardness of metals, These instruments are mainly used for determining the static HB hardness, 
They are particularly convenient for testing large parts or metal sheets, since they obviate the necessity of either 
moving heavy parts to testing racks or of cutting out special test samples, 


Below we provide the accuracy test results of the instruments of the Nikolaev type (the Nikolaev type as 
improved by us), in which the second blow of the striker on the indentation has been eliminated, and the triggering 
perfected, and of the Schwarz, Graven and Poldi types, 


These instruments cover practically all the types used commercially for evaluating the static HB hardness, 


The Nikolaev and Schwarz instruments consist of vertical impact machines in which the blow against the 
holder carrying the ball is made by means of a weight, which falls under the force of gravity in a guiding tube, 
Graven’s instrument consists of a striker which on release of a tightly compressed spring hits the end-piece of the 
ball, The Nikolaev, Schwarz and Graven instruments work with a fixed energy of impact and weight of the 
striker, Poldi*s instrument operates with an indefinite striker energy (a hand hammer {s used as a striker) by 
means of which the steel ball is indented simultaneously into the material under test and a reference sample, 


The evaluation of the HB static hardness is made according to an empirical calibration chart or table 
established in advance for each type of instrument, 


In the practical application of these instruments it is essential that the line of action of the striking force 
should be perpendicular to the surface of the tested sample, For the Nikolaev and Schwarz instruments this 
condition holds only for horizontal samples, whereas the Graven and Poldi instruments can be used at any angle 
to the horizontal, 


Table 1 shows the basic parameters of the tested instruments. 


The error in determining the static hardness by instruments of the impact type consists of the error of the 
method, the error.of the instrument and of measuring the diameter of the indentation. 


The error of the method is determined mainly by two factors: 


1, The unequal relative rise of resistance to plastic deformation in various brands of steel when hardness 
is determined by means of an impact. It is shown [1] that the dynamic coefficient for carbon steels varies be- 
tween 1,15 and 1.31. This coefficient is understood to he the ratio between the chosen value of the characteristic 
resistance to plastic deformation in dynamic testing to the corresponding value in static testing; in [1] the 
dynamic coefficient was determined as the ratio of the impact to static hardness. If the calibration curve from 
which the static HB hardness is determined from readings of the impact instrument corresponds to a certain mean 
value of the above-mentioned dynamic coefficients, the possible measuring errors will amount to + 6.5%). 


2. The effect ofthe forces of inertia which arise during testing when the mass of the striker hits that of the 
tested sample, The error caused by this factor can be neglected as compared with that caused by the first factor 
providing the tested sample mass referred to the striking line is at least 10 times larger than that of the striker [2]. 
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Note, In Graven’s instrument the variation of the stored 
energy is due to the possibility of varying the test position 
of the instrument's axis which coincides with the line 

of action of the striking force from the horizontal to the 
vertical, 





The instrument error is determined by the losses of energy in the striker caused by the striker's friction 
against the sides of the guide; the air resistance; deviations of the instrument axis from the normal to the 
sample surface; deviations of the striker energy ftom the nominal value established for each type of instrument 


and for other reasons, 
The error due to inaccuracies in measuring the indentation diameter, is determined by the quality of the 
measuring microscope employed, 


The total error can be established for each type of instrument either by adding the partial errors, or from 
the deviation of the experimental hardness values from those obtained by testing various metal samples with 


different known hardnesses, 
We determined the total error by both methods, 


The absence of published data on the conditions under which the calibration relations between the static 
HB hardness and the diameter on the indentation were established in instruments of the impact type, led to the 
necessity of producing these curves for each instrument, 
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Hutte plant; 3) ac- 
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For these tests 20 samples of various alloys and carbon steels were made, Each sample was tested three 
times for hardness by the static method and three times by the impact method, The mean arithmetic value of 
the three static tests was taken as the static hardness of any given brand of steel, and the diameter of the 
indentation as a measure of this value in instruments of the impact type, 


It should be noted that since the samples had a small mass, they were placed freely on the polished surface 
of the block (180 X 180 X 180 mm, mass of 45 kg), which rested on sand in such a manner that the line of the 
blow passed approximately through the center of gravity, 


The maximum deviation of the blow from the central position did not exceed 20 mm, and it was found 
that the maximum varlation in the diameter of the indentation did not exceed under these conditions 0,005 mm, 


Thus, it would appear that the force of inertia of the colliding bodies does not produce an error in the diameter 
of the sample indentation in these experiments, 


From the data obtained for each impact-type instrument, calibration curve equations HB = f(d) were compiled 
by means of the least squares method in the form of a polynomial with an approximate functional relation, The 
calibration curve equations are represented graphically in Figs, 1-5 by an index 1, In working out the measure- 
ment results, three times the root-mean-square error was taken as the total limiting error in determining the hard- 
ness by means of the impact-type instruments, Table 2 shows the value of that error for each type of instrument. 


Table 2 data referring to Graven's instrument were taken in the vertical position of the instrument axis, 
The Graven instrument can be used, however, in any position of the axis, This circumstance produces an addi- 
tional error in evaluating hardness: due to the variation in the energy stored by the striker, For determining the 
maximum value of the additional error,experiments were made with two samples, one in the vertical and the 
other in the horizontal position of the instrument axis, which showed that the additional error in evaluating 
hardness, by means of the calibration curve in Fig, 3, amounted to 10% of the measured hardness value, 


According to the law of addition of partial errors [3] the total error in evaluating the hardness of carbon 
steels amounts to 12, 10.6, 13,8 and 20%,respectively, for the Nikolaev, the improved Nikolaev, Schwarz, and 
Graven instruments,respectively, The agreement between the error values obtained by adding partial errors and 
those of Table 2 is sufficiently good. This circumstance providesgrounds for assuming that the values of the 
dynamic coefficient for alloy steels is within the range of variations of the carbon steel dynamic coefficient. 
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TABLE 2 





Instrument 


Limiting error 
when evaluating 
hardness in % of 
the measured 
value 


Limiting error of 
the instrument it- 
self in % of the 


measured value* 





Nikolaev 
Improved 
Nikolaev instru- 
iment 
Schwarz 
Graven 

Poldi 





11.5 


+10 
+13.5 
+19.2 
+22 





+10 


+ 8 
+12,2 
+19 
+7 








. ae : : . 
Incl, indentation-measuring error. 




















TABLE 3 

The The dynamic ratios d,/d, for metals with the 

value of |same static hardness HB 10(3000)10 

indenta- 

tion d, HB=100 HB=200 HB=300 HB=415 

dop=5.87_ | dgp=4.26 | dgo=3.51. | dgo=3.00 

mm_ ID) in mm 
2.00 0.951(0,90) | 0,983(0,965) | 1.00(1.00) | 1,02(1,04) 
3.00 0,991(0.98) | 0,025(1.05) | 1,041.08) | 1,06(1,13) 
4.00 1.02(1.04) | 1,05(1.11) | 1.075(1.16) | 1,091.19) 


























In calculating the total error of evaluating HB hardness with the Poldi instrument by means of the partial 
error addition law, it should be noted that the error in this instance is not only determined by variations of the 
dynamic coefficient of the tested steels, but, also by similar variations in the reference samples, and by the 


difference in the constant n which figures in the law of indentation of a ball in the metal [4] of the tested and 
reference samples: 





(1) 
where P is the indentation force of a ball of diameter D; a and n are metal constants; d is the diameter of the 
indentation, 


It is known that in evaluating hardness by the Poldi instrument,the force of indentation of the ball into the 
tested and reference samples is the same, Hence, it is possible to write, on the basis of (1), 


aj 


a 


my f) 
1 pD»-2 2° 


(2) 


where subscript 1 refers to the reference sample and subscript 2 to the tested sample; a; and nj are metal constants 
under dynamic compression conditions, 


A similar equation can be written for static conditions of evaluating HB hardness with a standard loading 
of the same metals: 
— oe 


pr’? (3) 
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where a oi and Nj are constants of the metal under static indentation conditions, 


Considering that constant n for the same metal does not change when passing from static to dynamic 
conditions of indentation [1] and constant a increases by a factor of n (n is the dynamic coefficient),it is possible 


to obtain from (2) and (3) 
aq, dy / (? -_ 
. os 1 onl } 4 
ds dis (1+e) “a (4) 
where € = 2-14 


a is relative difference in the value of the dynamic coefficient for the material of the tested 
1 


and the reference samples, 





Let us determine the value of d,/d, from (4) for two metals with the same static hardness HB, but with 
different constants a and n, In view of the fact that the metal of the reference sample is normally used either 
in a tempered or normalized state, its constant can be taken as n, = 2,2, Let the value of n for the metal 
under test have one of the limiting values which it is possible for ferrous metals to have, i,e,, the maximum 
value of nz = 2,4, Let us also assume that the two metals have a different dynamic coefficient n, and its 
relative difference is equal to € = 19%}, i.e,, is equal to the maximum value established by our experiments 
for carbon steels [1], 


Substituting these values in (4) and calculating for various static hardnesses of metals and indentation 
forces, we can determine by means of the indentation diameters do, and d,, the values following for the ratio 
d,/d, (Table 3), 


The parenthesized values correspond to the coefficient determined from a calibration table of the 
Poldi instrument for the corresponding value of d;/ d,, 


For above example,the maximum error in determining hardness by means of the Poldi instrument amounts 


to 19%, 


The total error calculated by the law of addition of partial errors of the Poldi instrument amounts to 20,2, 
which is in good agreement with the experimental value given in Table 2, 


Conclusions, The comparative evaluation of errors for impact-type instruments leads to the conclusion 
that the Nikolaev instrument (4+ 11,5%) has the smallest error in determining the HB hardness of various ferrous 
metals, After certain improvements this error was reduced to 10%, The Poldi instrument has an error of + Th, 
providing the reference sample is made of the same material as the one whose hardness it is required to determine, 
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MEASURING TORQUE BY MEANS OF AN INDUCTION STRAIN GAUGE 


N. V. Alferova 


We have successfully employed Siemens induction strain gauges for measuring the power of the main 
engines of sea-going ships, 


The converter (transducer) of this strain gauge is fixed to two massive split flanges 1 (Fig. 1), which 
are mounted on one of the intermediate shafts, One of the flanges carries core 2 of the converter with coils, 
and the other the H-shaped armature 3, The coils of the converter are connected to the circuit by means of 
slip rings 4, 


Under the effect of torque the shaft is strained,and the gaps between the ‘armature and the two cores 
vary in the opposite direction, 


The measuring circuit of the instrument is shown in Fig, 2, Converter 1 of the transformer type rotates 
together with the shaft and is connected through slip rings 2 to a circuit with a similar (nonoperating) converter 
3, whose armature can be displaced with respect to the core manually by means of worm gear 4, The displace- 
ment of this armature is read off a calibrated drum 5, 


The primary windings of boththe converters (the operating and nonoperating) are connected in series and 
fed from the secondary of transformer 6, The primary winding of this transformer is connected to the mains 
(50 cps) The secondary windings of both transformers are connected in series opposing, and after half-wave 
rectification, feed two similar resistors R. 


A moving coil instrument 7 measures the difference in the voltage drop across resistors R. 


When the torque is zero, the voltage drops across resistors R are equal and opposite, and the instrument 
reads zero, The zero is adjusted by displacing the armature of the operating converter with a worm~-gear 
device, 


With a torque distinct from zero the balance of the measuring circuit is disturbed,and the pointer of the 
instrument is deflected away from zero; then the armature of the nonoperating converter is displaced by turning 
drum 5 with the handle until balance is restored in the measuring circuit, and the pointer returns to zero, The 
tested torque is measured by the readings of drum 5, 


The torque transmitted by the shaft is calculated from the formula 


nGrét 
~ QLBN 





M 4A, 


where G is the modulus of rigidity, kg-wt/cm’; 
r - the radius of the shaft, cm; 
t - the pitch of the adjusting screw, cm; 
L - the distance between shaft keys, cm; 
B - the distance between the shaft and the transformer core axes, cm; 
N - the total number of drum graduations; 
4A - the drum reading, 
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Fig, 1, 


Experience has shown that the angle of rotation 
of the nonoperating armature varies linearly with 
respect to torque, 

















The error of mean torque measurements by 
this method does not exceed 2-3, providing the 
shaft is correctly calibrated, Owing to the compara- 
tively large currents flowing in the secondary winding 
of the transformer (of the order of 0,02 to 0,06 ma), the slip rings can be relatively simple and do not require 
special materials, They are made of brass rings 21 mm wide, and use two copper-graphite 11 ¥ 19 mm brushes 
with each ring, During operation the slip rings do not require special attention and can remain in circuit 
for several hours, Periodically, once in 24 hours,the rings are cleared of graphite dust, 


Fig. 2, 


For measuring and recording instantaneous changes in torque we used an electromechanical oscilloscope 
fed from a 427 cps supply, since the torque variations did not exceed a frequency of 40-50 cps, The vibrator 
was preceded by a filter with a band from 0 to 200 cps; the recording was made on a MPO-2 oscilloscope, In 


view of the possibility of prolonged testing the instrument is provided both with visual reading at 50 cps and 
oscilloscope recording at a higher frequency, 


When the instrument is switched over from 50 cps to a higher frequency, its zero is displaced, but the 
relation between readings and strain remains linear, The linear relation is preserved over 2,5 mm of the non- 
operating armature movement, whereas the total gap between the armature and the core is 5 mm, 


The operation of the instrument at two different frequencies requires the setting of the zero separately 


for the two frequencies, The instrument also has to be calibrated (its constant found) separately for the two 
frequencies, 


When measuring the mean value of torque the measurement error does not depend on the variations of the 
supply voltage, In measuring instantaneous values of torque the instrument operates in an unbalanced condition, 
and there arises an error due to supply voltage variations; hence, every recording on the film should be preceded 
by a calibration recording, It is convenient to record three 10 cm lengths of film for the rotation of the drum 
through 10, 20 and 30 divisions from zero, 


The construction of the flanges to which the converters are fixed should be sufficiently rigid, If the instru- 
ment is not intended to work permanently with the same equipment, it can be of a lighter construction, having 
light-alloy or welded flanges, The semicircular rings which grip the shaft can be made detachable and the same 
flanges used for different shaft diameters, The transfer of the strain gauge from one shaft diameter to another 
only requires the changing of fitting rings which can be made of sheet steel, 
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MEASURING IRREGULARITIES IN THE ROTATION OF SHAFTS 


G, F. Zimin 


The widespread development of precision instrument-making and process automation requires in many 
cases accurate measurement of angular velocity over one revolution of rotating components, In view of the 
absence of accurate instruments for such measurements,we have developed an instrument for measuring angular 
velocities of shafts in one revolution with an error of 1% and speed of rotation of 3000 rpm, 


This instrument (Fig. 1) is based on the application of a photoelectric transducer with an electronic 
circuit which converts the spaces between pulses into an integrated envelope, whose linearity indicates the uni- 
formity of the shaft rotation, 


The instrument consists of a transducer, which includes a steel measuring disk, a photodiode cell, and 
an illuminator, and an electronic conversion attachment, 


The measurement results are recorded on a loop oscilloscope in the case of sudden variations in the speed 
of rotation and are observed on a cathode-ray oscilloscope in the case of periodic variations, In the latter case 
one shaft revolution fits onto the oscilloscope screen, 


A measuring disk is fixed to the shaft under investigation for converting mechanical into electrical 
phenomena by means of a photodiode unit, The disk is made of instrument steel alloy brand KhVG, The disk 
is 120 mm in diameter and 3 mm thick, 180 slits 7 mm long and 1 mm + 10 yu wide are cut along the circum- 
ference of the disk, This number of slits was chosen for technological reasons; it is obviously better to have a 
maximum possible number of slits for the accuracy of observing the irregularities in the rotation, The slits are 
cut uniformly along the circumference with an angular spacing of 2° + 30", The cutting was made by means 
of a grinding disk with subsequent lapping, since the accuracy of the disk determines the precision of the instru- 
ment, In order to mark off the initial angular position, one of the slits can be glued over, The measuring disk 
is fixed to the shaft by means of an electromagnetic sleeve, which is at first supplied with only half the operating 
voltage; while the disk is adjusted by means of the extensometer so that its wobble does not exceed 10 yp, 


The disk is displaced radially by means of three screws located on the flange, 


Owing to its gap the disk can be moved radially, thus making it possible to eliminate the wobble effect 
of the shaft, 


Due tothis, construction the measuring disk and sleeve are universal, rapidly changeable and suitable 
for use with any shafts, 


The force of attraction of the sleeve is calculated from the formula 


B \2 
F=4 gw oe S, 
( sas) 
where S is area of contact of the measuring disk with the magnetic sleeve, 


The centrifugal force developed by the measuring disk due to the eccentric mounting of the shaft 
should be taken into account, 


As the result of the tests carried out, it was found that the eccentricity of mounting can cause an error 
of the same order as that due to the vector sum of eccentricity, The maximum possible error is equal to double 
the vector sum of the eccentricities of the shaft and the disk, 


If the eccentricity can be kept within given tolerances it is possible to use two photodiodes displaced 
with respect to each other by 45° and use the mean arithmetic value of their indications, 


On the basis of the calculations of the light and dark currents it was found that tg = 58 psec and tg = 
= 53 psec at a speed of rotation of 3000 rpm, and that the frequency of operation of the photocell amounts to 
9 ke, 
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Fig, 2, 











Since the error of the instrument in the 
worst case (maximum eccentricity and maximum 
manufacturing tolerance) is 1%, it will amount to 
an equivalent error of 0,5 usec in pulse measure- 
ments and to 2-3 v when measuring on a cathode- 
ray oscilloscope, 


Thus, it follows that it is possible by this 
method to discover irregularities expressed in 
tenths of a micron with an appropriate gain of 
the oscilloscope, The limiting factor of this method is the precision of the slits made in the measuring disk, 
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The photodiode unit consists of the cell and the illuminator, an incandescent lamp type MN-14, The 
unit is fixed on an adjustable stand,making it possible to test shafts at different distances from the base, 


The intensity of light is determined from the formula 
l= Er’, 


where E is the illumination of the surface(in lux), and 
Tisthe distance from the surface to the light source (in meters). 


For a normal operation of the photodiode in the saturation region it is necessary to obtain E = 8000 lux, 
A reserve of illumination can be provided by means of a reflector, When working with photodiodes it is necessary 
to take into account the effect of the temperature of the surrounding medium on the variation of the dark current, 
The photodiode works normally at temperatures not exceeding +45°C, 


The electronic converting attachment consists of the supply, stabilizer, amplifier, and integrator units, 


The supply unit consists of a step-up transformer (from 220 to 450 v) with a heater winding and a bridge- 
type DGTs-27 germanium rectifier circuit, The rectifier has a smoothing filter at its output, The stabilizer 
consists of the usual tube SG3S circuit, The amplifier operates with a 6N8S tube, The placing and value of the 
cathode resistance are chosen for transmitting the trailing edge in a minimum time fora given capacity, 


From the point of view of saving current in the amplifier tube it is advisable to arrange Rj, in such a 


manner that the voltage drop across it at the highest signal level is 2 to 3 times larger than the output voltage 
drop. 


The duration of the trailing edge will then equal 
. Uo 
te = (1e1 to 1,2)C al 
where I, is the current through the amplifier at the upper limit, 
The cathode resistor R, bias was chosen to equal ER, = -50 v. 
The capacitative loading of the amplifier was selected to be C; = 200 puf, 


Hence, 


bs Uo 
Lnax = (lel to 1,2)C = 
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Resistance Ry, is determined on the basis of the required current: 


Umax * lER,,| 





Ry, = 


Imax 


A capacitance-resistance potential divider is connected to the input of the amplifier, The resistance of 
the divider is made large in order to keep the amplifier input high, The divider should be adjusted to a low 
input voltage,and the gain set high, 


The integrator serves to transform the rectangular — into saw-tooth signals, so that the amplitude of 
the latter is proportional to the duration of the former, 


Figure 2 shows the shape of the pulses which are fed from the integrator to the oscilloscope; their envelope 
can be seen on the oscilloscope screen, 


The output voltage of the integrator is calculated from the formula 


U 
U,=_°?P 


Room Cs 





By varying Room and C; it is possible to control time ti Room = R + Ri 


CONCLUSIONS 


The advantages of this instrument consist in itsuniversality, low cost of production, simplicity, and reliability 
in operation, since it lacks mechanical wearing parts, 


AN EXPERIMENTAL METHOD OF DETERMINING TEMPERATURE STRESSES 
BY MEANS OF RESISTANCE WIRE TRANSDUCERS 


M. I, Chaevskii 


In experimental determination of stresses in machine components working at medium or high temperatures, 
it is often required to measure stresses due to forces in a constant or varying (within narrow limits) temperature 
field, or temperature stresses due to the effect of large temperature gradients both in constant and varying tem- 
perature fields, 


For such measurement resistance wire transducers [1-4] are mainly used, 


If it is possible to balance the bridge consisting of resistance wire transducers before measuring stresses 
which arise as the result of a force acting in a constant temperature field, the problem is relatively easily solved, 


In such an instance,using nichrome wire transducers on ceramic samen is possible to measure at tem- 
peratures up to 900-1000°C [1, 4]. 


The problem becomes considerably more complicated if it is required to measure stresses, including tem- 
perature stresses,in the course of the heating up of an instrument or a machine, Then it becomes necessary 
to pay great attention to temperature compensation over a wide range of temperatures, 


Temperature is usually compensated by means of balancing transducers which are glued to steel plates 
and placed side by side with the operating transducers [3, 5] or by means of self-compensating transducers 
[4, 6], 
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Fig, 1, Fig.2 
With temperatures varying over wide limits balancing transducers do not provide good compensation due 
to a temperature difference between the operating and balancing transducers, which can lead to considerable 
errors in measurements [3, 6], Thus, when working with nichrome wire transducers with a temperature change 
from 20 to 400°C, the temperature difference between the operating and balancing transducers can produce an 
unbalance of the measuring bridge equivalent to 400-600 kg-wt/cm’, 


For the manufacture of a temperature self-compensated strain-gauge [4, 6] it is possible to use wire 
both with a positive and a negative resistance temperature coefficient, Constantan wire for making tempera- 
ture self-compensated strain-gauges cannot be used above 200°C, At higher temperatures the value of the 
constantan wire temperature coefficient changes [7], 


When the strain-sensitive network is made from a wire with a positive temperature coefficient, the com- 
pensating wire can also have a positive coefficient, In this case, however, the additional resistance wire must 
be connected to the opposite arm of the bridge [6]. 


In order to eliminate the temperature difference between the operating and the compensating transducers, 
it is recommended to glue them side by side on the part under test, This can be done by satisfying certain 
definite requirements in the manufacture of the operating and compensating transducers, 


The special feature of the circuit shown in Fig, 1 consists of the compensating transducer B, made of wire 
with a high temperature coefficient and the smallest possible strain sensitivity, Under these conditions the com- 
pensating transducer B has a small ohmic resistance,and a building-out resistance F is connected in series with 
it, and placed in the instrument together with resistors C and D, 


Under the effect of strain and temperature transducer A changes its resistance by the amount determined 
from the formula 


dRo=—eayaRa+BoateRat(at—aata) yoRa. (1) 


where Ra and ARg are,respectively, the initial and the incremental resistances of the transducer; 
€ - the strain in the part at the place where the transducer is connected; 


AR/R 
Ya ~ the strain-sensitivity of the transducer determined by the relation yg = R/Ra 


€ 
8, - the temperature coefficient of the transducer wire resistance; . 


t - the difference between the final and the initial temperature of the part at the place where the transducer 
is connected; 


tg - the difference between the final and the initial temperature of the transducer wire; 
a@ and @@ - the linear expansion coefficients of the material under test and the transducer wire, 


The increment of the compensator resistance under the effect of temperature and strain will be represented 
by a similar formula: 


AR =EKV Re AP ct eRe t+ (at—ayty) VeRe- (2) 


107 











If the transducer and compensator are connected as shown in the circuit of Fig, 1,the measuring instrument 
will only register the difference ARg -AR,. 


Assuming that € = €) = € and ta = t, = | (the compensating transducer is glued side by side with the 
operating one,or both are wound in the form of a combined transducer), we have 


AR=ARj—AR,.=e (yaRa—V«Rx) +(BaRa—Be Rx) t+ 





+(yaRa—vVnRx) at—(agyaRe —anVn Ry) by (3) 
In order to be able to measure stresses,two conditions must be fulfilled: 
YaRa>vnR« (4) 
and (BaRa—ByR«) f+ 
+(yaRa—VeRx) at— (agyaRa- On VeRx) t,=0. (5) 
Solving (5) with respect to R;,,we obtain 
t 
Bot+aye 7, tee 
Ry= ; Ro 
Bye ty, t ~~ 2nVx (6) 


By choosing for the calibration of the transducers a suitable current density, it is possible to equalize 
approximately over a certain temperature range the surface temperature of the tested part and the temperature 
of the wire, i,e,, to obtain t/t 1, In order to avoid temperature stresses the tested part should be free to 
expand when heated during calibration, The minimum deviation of the measuring system from zero during heating 
of the part determines the best conditions under which the experiment should be conducted, It is also possible 
to find experimentally the value of ratio t/t, and correct for it by means of (6). 


Above method makes it possible to determine temperature stresses which arise on the surface of the tested 
part. In fact, if equation (6) is satisfied over a given temperature range, the resistance temperature coefficients 
of the transducer and compensator wire remain constant, and the bridge will become unbalanced by the free 
thermal variations of the part's surface dimensions (within the accuracy limits of the experiment), If, however, 
the free thermal expansion of the part is impeded, the bridge will become unbalanced proportionally to the 
temperature stresses which will then arise, 


For an example,let us examine a case in which the transducer is made of nichrome wire (6 , = 0,0001, 
@ a = 0,000014, yg = 2,3) and the compensator of copper wire (Bk = 0,004, @) = 0,000017, y; = 2.7), By sub- 
stituting the values of the coefficients in (6) we obtain Rj/Rg = 0,023, Taking the resistance of the transducer 
to be 150 ohms we obtain that of the compensator as 3,45 ohms, 


If the part is loaded or under the effect of temperature stresses,increments in the transducer and compen- 
sator resistances will be represented by curves in Fig, 2, The measuring instrument will only register the difference 
ARa-SR,. Hence, there will arise a systematic error which will decrease the value of the actual deformations, 
This error for the example given above amounts to 2,7% and can be corrected in working out the results, 


’ Conclusions. By using copper wire compensation transducers, it becomes possible to measure up to 200- 
250°C. To raise this limit to 400-500°C, it is necessary to make transducers of platinum wire (above 400-500°C, 
the temperature coefficient of resistance of nichrome wire is no longer constant). 


LITERATURE CITED 
[1] B. Alvin and Kaufman, REE (May, 1954), 


[2] N, G, Tisenko, Resistance Wire Temperature Strain Gauges [in Russian] (ITFIN, topic No, 30, MK-55-10, 
1955), 


[3] S. Ya, Yarema, “Problems of machine technology and strength in engineering? Collection [in Russian] 
(Acad, Sci, Ukr, SSR Press, 4, 1956), 


108 








[4] H. A. Nielsen, SR-4-PTL-ICBM, Jet Propulsion 25, 9, Pt, 2 (1955), 
(5) K. V. Semenov, Zavodskaya Laboratoriya No. 5 (1956). 
[6] G, E, Rudashevskii, Izmeritel'naya Tekhnika No, 1 (1956), 


[7] N, G, Tisenko and Yu, M, Margolin, Vestnik Mashinostroeniya, No, 12 (1953), 


EXTENDING THE SPHERE OF APPLICATION 
OF STANDARD WEIGHT-PISTON PRESSURE GAUGES 


N. I. Rusalovich 


The reference double-piston vacuum pressure gauge type MVP-2,5, grade 0,05, made by the REM VNIIK, 
is intended to replace the reference mercury vacuum manometer, grade II,and the previously produced piston 
pressure gauge MP-2,5, The replacement of a mercury manometer by this pressure gauge is especially welcome 
since it decreases mercury contamination of the State Inspection Laboratories’ premises, 


However, the MVP-2,5 accessory supplies are unsatisfactory, since the instrument is equipped with only two 
sets of weights, one consisting of 10 weights for measuring excess pressure in fractions of kg-wt/cm’, and the other 
of 9 weights for measuring rarefaction in mm Hg, 


In practice, however, it is often necessary to measure excess pressure in mm Hg (in checking the very com- 
mon sphygmomanometers, which are calibrated in mm Hg, as well as spring and mercury differential pressure 
and vacuum gauges, portable A. L, Petrov instrumentsfor checking flow gauges, and other instruments), It is 
also sometimes necessary to measure rarefaction in kg-wt/ cm?* (checking control and industrial vacuum gauges 
and pressure-vacuum gauges, whose scales are calibrated in kg-wt/cm*), 


Such checking by means of the two sets of weights supplied with the MVP-2,5 instrument is practically 
impossible and one is forced to resort to the reference mercury manometer which thus remains “unreplaced", 


For a fuller utilization of the MVP-2,5 instrument, it should be supplied with a set of weights for measuring 
excess pressure in mm Hg and rarefaction in kg-wt/cm’, 


The Minsk State Inspection Laboratory, has made, with due consideration of the local gravitational 
acceleration, the loss of weight in air,and a temperature of 20°C, two additional sets of weights, one consisting 
of 11 weights for measuring excess pressures in mm Hg (2 weights of 50 mm Hg and 9 of 100 mmHg) and a set 
of 10 weights of measuring rarefaction in steps of 0,1 kg-wt/cm’, 


This doubled the sphere of application of the MVP-2,5 instrument, and made it possible to use it successfully 
for checking which was previously carried out by means of two instruments, thus freeing the instruments for use by 
other laboratories which could extend the range of instruments they checked, 


Editorial Note, Since the difficulties encountered by N, L Rusalovich could occur in other State inspection 
and factory laboratories, we publish below clarifications of the question raised by the author of the article, 





Instrument MVP-2,5 is intended in the main for checking reference spring pressure gauges and reference 
spring vacuum gauges, which have,respectively, pressure scales in kg-wt/cm? and rarefaction scales in mm Hg, 
Therefore, the pressure-vacuum gauge MVP-2.5 is supplied with two sets of weights for measuring pressure (in 
kg-wt/cm*) and rarefaction (in mm Hg). 


When the gauge is usedfor checking other instruments (for instance, spring and mercury sphygmomanometers, 
A, I, Petrov's instruments, and others), in fact,it becomes necessary to use weights whose masses differ from those 
included in the sets, and which have to be determined according to the principle of operation of the instrument 
under test, and the units in which its scale is calibrated, 
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In this connection different cases may arise, For instance, in calculating the weights required for 
checking a spring instrument calibrated in mm Hg,the formula should include the gravitational acceleration g) 
(for the given locality), and the value of mercury density should be taken at t = 0°C, When checking a mercury 
instrument calibrated in mm Hg, the calibration formula should not include g), and the mercury density should 
be taken at the temperature of testing, i,e,, at t = 20°C, 


It should be noted that similar considerations hold in the case of many other piston- weight instruments 
(for instance,pressure gauges MP-2,5, MP-6, etc,) when they are used outside their intended application, 


N. I, Rusalovich's proposal to increase the supply of weights for instrument MVP-2,5 in order to cover 
excess pressures in steps of 50 and 100 mm Hg and rarefaction in steps of 0,1 kg-wt/cm? is theoretically sound, 
and could be approved if it satisfied in fact all the possible applications of instrument MVP-2,5, It will be seen 
from the attached table, however, that for this purpose it would be necessary to supply with each instrument 
at least 12 sets of weights (instead of two), which cannot be justified, since the required additional sets can 
be made on the spot (as was done by the author of this article), or made up from the supplied weights with the 
addition of building-up weights prepared in advance according to the attached table, 


In order to avoid possible errors in the application of instrument MVP-2,5 outside the range for which it 
was designed, we append a table for formulas for calculating the mass of weights, 
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The notations in the formulas are: 


m - the mass of the weight, g; 
980665 - dimensionless coefficient; 
gy - local gravitational acceleration, cm/ sec’; 
SN - Normal gravitational acceleration of 980,66 cm/sec’; 
P - the value of pressure or rarefaction for which the weight is being made, kg-wt/ cm’; 
F, - referred (effective) area of the narrow part of the differential piston, cm’; 
N - number of millimeters of liquid column marked on the scale of the manometer being checked; 
K= hot = a. the relation of areas (F, is the referred area of the wide portion of a differential piston, 
3 
F, is the referred area of a single piston); 
P, = 0.0012 g/cm*® - the density of air; 
P, = 7.8 g/cm? - the density of steel; 
P = 13,595 g/cm® - the density of mercury at 0°C; 
P4 = 1,000 g/cm® - the density of water at 4°C; 
Ps = 13,546 g/cm® - the density of mercury at 20°C; 
P, = 0,998 g/cm? = the density of water at 20°C, 
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THERMOTECHNICAL MEASUREMENTS 


REPRODUCTION OF THE COLOR-TEMPERATURE SCALE 
BY PHOTOMETRIC METHODS 


I, I. Kirenkov, V. A. Kovalevskii, and G,. A. Krakhmal'’nikova 


The reproductionsof the color-temperature scale,as well as other precision pyrometric measurements, 
were made until recently by means of a visual optical pyrometer, Thus, the accuracy of measurements was 
limited and depended on the properties of the human eye, The error of such measurements is large and does 
not provide the temperature scale with the required accuracy [1]. 


In order to improve the accuracy of pyrometric measurements the Khar'kov State Institute of Measures 
and Measuring Instruments developed an equipment SPK for calibrating temperature lamps at brightness and 
color temperatures [2, 3], By means of this equipment the All-Union Scientific Research Institute of Metrology 
produced a group of temperature lamps designed as a reference for color-pyrometer scales [4], 


The principle of operation of the SPK equipment is described in [3]. 
The SPK equipment is sensitive to color-temperature changes of several hundredths of a degree, 


The use of the photoelectric method provides the possibility of raising the accuracy in producing a 
temperature scale above 1063°C by means of Planck's law, According to the 1948 International Temperature 
Scale regulation, the temperature values in this range should be determined from the formula 


Cy 


E, eh—\ 
= ap ane oy - : (1) 
=9 oak 

Gh mI 


where E, and E, are radiation intensities of wavelength A at blackbody temperatures T, and T>,,respectively; 
C, is Planck's constant. 


The accuracy with which the temperature scale can be produced is determined by the precision with 
which the brightness ratio E, /E, and the effective wavelength of the radiation can be measured, The use of the 
photoelectric method greatly increases the accuracy of both these values,as compared with those obtained 
by the visual method,owing to the considerable rise in the sensitivity of the instrument, 


In evaluating the temperature scale by the visual method the most accurate results are obtained when the 
brightness of the two sources of light is equalized by attenuating one of them by means of modulating it with a 
rotating sector of a disk with a known angle of aperture, In the null method of photoelectric measurements it is 
difficult to use sector disks since Talbot's lawson which the disk measurements are based, is only fully applicable 
to radiation receivers which possess a sufficiently high inertia and respond only to the mean value of the incident 
luminous flux, Such an averaging takes place in photochemical (for instance,the eye) and thermal, but not in 
photoelectric processes, Hence, the use of sector disks in photoelectric measurements cannot be combined with 
the null modulation method, since disk measurements require an accurate evaluation and averaging of the 
pulsating photoelectric current, 


Moreover, the use in the null modulation method of another modulation system which reduces the bright- 
ness of one of the sources, would lead to considerable difficulties due to errors caused by frequency and phase 
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TABLE 2 
a es | arrangement. 
a | __ Error in scale extrapolation, degrees _____} 1) monochromator with an external optical 
” photoelectric method visual method system and a photocell; 
-— -| 2,3) semitransparent mirrors; 
1400 + 0.3 # 0.8 4,5) optical wedges; 6,7) mirrors; 
1500 + 0.4 + 1.4 8,9) shutters; 10) auxiliary lamp; 





11) lamp, under calibration. 
1800 + 0,7 + 2,0 








2500 + 1,5 + 4,0 








relations between the two systems of modulation, which are connected in series into a common optical system, 
In this connection it became necessary to develop a new method of extrapolating temperature values, 


The new method is based on the superposition principle, Two or more light beams of equal intensity are 
combined by means of any suitable method, The total brightness of the beam thus obtained is equal to the 
brightness of one beam multiplied by the number of beams being added, 


In order to obtain high accuracy in comparing the brightness of light beams by means of spectropyrometric 
instruments, the added beams should coincide in space at least in the limits of the aperture employed, 


The Metrological Institute developed a mirror device for doubling brightness mainly by means of semi- 
transparent mirrors (see figure), One of the mirrors divides the radiations of the lamp into two beams which 
are recombined by means of another semitransparent mirror, It is possible, by means of shutters, to cover up 
completely either beam or to transmit both simultaneously into one of the objectives of the external optical 
system of the SPK equipment, Brightness is controlled by means of optical wedges consisting of thin glass 
plates which rotate smoothly about their axis, 


In selecting the construction and operation of the shutters, it was taken into account that their faulty 
operation can lead to an error in doubling the brightness, It is necessary not to have any radiation components 
independent of the position of the shutter,and to make the displacement of the shutter covering up either or the 
two beams ineffective with respect to the other, These properties of the shuttershave been checxed experimentally, 


The lamp to be calibrated is placed on one side of the SPK equipment and an auxiliary lamp and the 
device for doubling intensities on the other, The calibrated lamp is first heated up to a glow corresponding to 
the initial temperature of 1063°C, The mirror arrangement and the glow of the auxiliary lamp are next chosen 
in such a manner that each beam of light is made equal in intensity to the calibrated lamp beam when compared 
on the photoelectric equipment, If both beams of light of the auxiliary lamp are then opened,the lamp radiation 
intensity reaching the photomultiplier will be doubled, Next the current through the lamp which is being calibrated 
is increased until its intensity is again equal to that of the auxiliary lamp, thus making it twice the initial value, 


The accuracy of doubling the intensity of the calibrated lamp radiations is under these conditions deter- 
mined mainly by the sensitivity of the photoelectric installation, 


The brightness of the calibrated lamp is doubled by this method several times over until the limiting 
temperature is reached up to which the lamp has to be calibrated, The temperature of the calibrated lamp 
ribbon is increased in steps with the doubling of brightness and is calculated from (1), 
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In practice the calculations can be made by Wien'‘s formula 


(2) 


A correction for the inaccuracy of Wien's formulas is introduced in the final calibration tables of the lamp, 


Let us denote the ratio of the monochromatic intensities by L = ok, where k is the number of times the 
intensity has been doubled; then (2) can be written in a convenient form for calculations: 


| | A a 
oe Se eae 3 (3) 
7, T, - nL=K . in2, 
where T, = 1063°C; 
A = 0.6576 p; 
Cp = 14380 p+ degree, 


By substituting these values in (3), we obtain the valucs shown in Table 1 for temperature T, of the cali- 
brated lamp. 


Thus, the calibrated lamp becomes a reference for the temperature scale which is reproduced by an 
extrapolation process, 


It should be noted that the spectralcomposition of the auxiliary lamp radiations which reach the spectro- 
pyrometer, and depend on the glow of the lamp and the quality of the mirrors,does not affect the extrapolation 
results, The effective wavelength is determined, apart from the parameters of the spectropyrometer, only by the 
intensity temperatures of the calibrated lamp at the beginning and at the end of extrapolation, similarly to the 
disk sector method, 


In order to extend the scale totemperatureshigher than the maximum of the calibrated lamp, absorbing 
glasses are used, similarly to the visual optical pyrometer method, In our work the absorbing glasses were 
introduced above the temperature of 1518°C in order to ensure a high stability of lamps, One absorbing glass 
provides for the same glow of the lamp a temperature scale in the range of 1518 to 2460°C, 


By comparing the brightness of several lamps, calibrated independently from each other by this method, 
on a photoelectric apparatus at different temperatures,it was possible to determine the total random error of 
reproducing and transferring values on the temperature scale by the photoelectric method, 


As the result of these comparisons and of theoretical and experimental investigations of errors which cannot 
be discovered in these comparisons, we obtain, Table 2 of the random error values when the temperature scale 
is built up by means of red light (A = 0.6576 1), 


These figures indicate a 3-4 times higher accuracy as compared with the visual method [1]. 


CONCLUSIONS 


Tests have shown that the errors of reproducing the temperature scale on the SPK equipment are related 
to the following phenomena: 


1, Instability of the photoelectric portion of the equipment (noise effects), 


2. Incomplete elimination of differences between the two channels of the external optical system (in 
comparing lamps), 


3, Instability of the lamp ribbon brightness (effects of the slope, room temperature, etc, ), 
4, Nonuniformity of the lamp ribbon temperature over the working region, 
5, Inaccurate knowledge of the effective wavelength, 


Above values of the error will be made more precise with further improvements in the equipment and 
technique of testing, 
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A SLIDE RULE FOR THERMOCOUPLES 


V. I. Ashikhmin and E, V. Koval'skii 


Chromel-alumel and chromel-copel thermocouples in conjunction with portable potentiometers are often 
used in adjustments and experimental work, In these measurements a correction for the temperature of the free 
(cold junction) end of the thermocouples is calculated from calibration tables, In order to simplify both the 
correction and the finding of the value of the measured temperature, we suggest the use of a special slide rule, 


The appearance of the slide rule with a millivolt scale on the slide and a temperature scale on the rule 
itself is shown in Fig- 1a (for chromel-alumel thermocouples) and in Fig, 1b (for chromel-copel thermocouples), 


When the zeros of both scales coincide each temperature value will correspond to a definite value of 
thermal emf according to standard calibration given in the table of GOST 3044-45, 


The temperature of the operating end (hot junction) of the thermocouple is determined by means of the 
slide rule in the following manner, The zero mark of the slide is placed against the measured temperature of the 


free end of the couple, and the temperature of the operating end of the couple will be found against the thermal 
emf mark as measured by means of the potentiometer, 








Fig, 1. 


For instance, in the case of a chromel-copel thermocouple, if the temperature of the free end is t's = 25°C 


and the reading of the portable potentiometer is 11,35 mv, the actual temperature of the operating end will 
amount to 180°C (Fig, 2). 


*See English translation, 
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Fig, 2. 


The proposed slide rule is calibrated for chromel-alumel and chromel-copel thermocouples at a free-end 
temperature between -50 and +70°C,which covers the feasible temperature range of the cold junction, 


Similar slide rules can be made for thermocouples using other metals, 
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ELECTRICAL MEASUREMENTS 


GALVANOMETER-TYPE AMPLIFIERS WITH PHOTO-CONVERTERS 
FOR OSCILLOSCOPES 


R. R. Kharchenko 


Galvanometer amplifiers (GA) with photo-converters are widely used in electrical measurements; they have 
passed an extensive period of development and have been dealt with in many specialized papers [1-5], 


In the above papers, however, the problem of calculating the GA dynamic characteristics has not been 
sufficiently developed, For instance, in the descriptions of the so-called photo-electro-optical amplifiers LETI 
(developed by B, P, Kozyrev), which,owing to the absence of a negative feedback possess a large sensitivity [1], 
no data is given on their static or dynamic accuracy, In the description of the so-called photo-compensated 
amplifiers of the Leningrad plant “Vibrator® (developed by B, A, Seliber and S, G, Rabinovich), which use 
negative feedback and thus have greater accuracy with a smaller sensitivity [2], information on the input im- 
pedance and the dynamic characteristics in various measuring ranges are lacking, 


Above amplifiers are intended for use in circuits with slowly changing characteristics; hence,they have a 
very limited bandwidth and are designed to be connected to normal low-frequency indicating instruments or 
recorders, 


Measurements in circuits with rapidly changing conditions are made by means of oscilloscopes, If the 
sensitivity of the oscilloscope is insufficient,or a matching of the impedance of the measured object to the vibrator 
isrequired,a dc electronic amplifier (DCA) isused with the oscilloscope, It is known that the increased sensitivity 
by means of the DCA leads to a rise in the error of the measuring channel due to drift, 


In this connection the design of galvanometer amplifiers with a large bandwidth for a given accuracy 
is of interest, On this subject two independent investigations were conducted in the USSR, The first one was 
carried out by A, A, Nemura [3] who tested several GA models designed to work with vibrator I of oscilloscope 
MPO-2, The models used vibrator VIII of the MPO-2 type as a galvanometer (in one of the versions) and vibrator 
type GB-IV of a geodesic oscilloscope (in another version), 


The main purpose of this analysis is the investigation of various correction circuits, which were designed 
for obtaining the required amplitude-frequency characteristics with an optimum transfer process, The analysis 
did not deal (it was probably outside the scope of investigations) with the effect of the resistance connected to 
the input of the GA on the amount of feedback, which determines the static accuracy and the adjustment of the 
correction, It should be noted that in these models the bandwidth exceeded 1000 cps,thus forcing the author to 
consider in his theoretical analysis small time constants of all the components, and deal with a system described 
by equations of the fourth and fifth degree, 


The second investigation carried out by the present author dealt with amplifiers for vibrator VIILof MPO-2 
type oscilloscopes, The low-frequency galvanometer with torsion suspensions of the "Vibrator" plant was used 
in this instance as the instrument galvanometer, By means of feedback and corrections the working bandwidth 
of the GA was raised to 150-250 cps with an optimum transfer process, It was shown experime ntally that in such 
a bandwidth the small time constants of all the components need not be considered,and the entire system can be 
treated as a system of the second order, As the result of these investigations the author developed a simple and 
convenient method for calculating all the basic GA characteristics, and good agreement between the calculated 
and experimental data was obtained, Below we give the basic techniques of this method, 
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converter; 4) correcting amplifier; 5) feedback circuit, 
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minated area. 


A block schematic of the galvanometer amplifier with a photo-converter and correcting unit with feedback 
is shown in Fig, 1, 


The gain of the system without feedback is given by the expression 


I. 


where n, S ’ Kp» and S,, shown in Fig, 1, are gains (transfer factors) of various units, 


The gain of the system with feedback is 


K 
K ee » 
fb ~ 14Ky (2) 


where y = I',/I, is the feedback factor, 
The relative variations (instability) of Kg, are determined from the formula 


4K 5 ] SK =. me AY 


Ky '+Ky K  lt+ky y 
In order to obtain a highly stable amplifier two conditions must be fulfilled: 


1) stability of parameter y must be ensured; this condition requires a special input circuit arrangement 
(see below), 


2) an ensured relation of parameters 1 « Ky; this condition is easily attained in galvanometer amplifiers, 


Let us examine the characteristics of separate units in the models we tested, 
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( . Output and feedback circuits, The output and 
feedback circuitsare interconnected; that is why they 
must be considered together (Fig, 2). 


























The technical requirements of the GA under 
( on f consideration are the following: 























1) its output variable consists of current I, (the 
- GA is connected to vibrator VIII of the MPO-2 oscillo- 
scope type); hence, a current feedback is used, 























2) the output impedance of the measured object 
connected to the GA input may vary between 0 and 
oo ohms; the variations of the feedback factor y caused 
by this difference in the impedance must not exceed 
Fig, 5. 1%, It is obvious that if this condition holds all the 
dynamic characteristics of the system become fixed 
and almost independent of the value of the input 








Vibrator type VIII 





impedance, 
; An input circuit which provides these conditions 
0 is shown in Fig, 2, 
08 The relations between the parameters are the 
= 100 "8 
06 following: R > tgs Igy Ths Te = 100 ig ; the 
ao 
0 


value of r, is calculated to obtain the required degree 





of damping in the galvanometer 6 = Rk ,where Ry, 





tg tts 
is the critical impedance, The value of 6 is chosen 
in turn so as to ensure an optimum transient response 
(see below), The nominal input voltage of the GA 
in this circuit is determined by a simple expression 
Uy “ rely. The input circuit transfer constant is 

















a oS =. 
Fig. 7. ly is the recording made with m4 t's 
sata eel and the transfer constant of the feedback circuit is 

h 
“5 


--p. 
R 
Photo-converter, A differential photovaristor (PV) type PbS with dimensions a = 2 mm and b = 8 mm was 
used as a photo-converter and connected in a bridge circuit (Fig. 3), The bandwidth of the photovaristor (PV) 
exceeds 1000 cps, according to special tests, and hence in calculating the dynamic characteristics of the GA,the 
photo- converter can be considered as a unit providing no lag, 





The relative change in the resistance of each half of the PV when the illuminated area is displaced by Aa 
amounts to 





"As 
_4R ky 
l= — = —_ ~ Aa, 
es (3) 
kil l 
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where ky and k, are the dark and light resistivity of the PV, The variation of the output voltage in the bridge 
circuit corresponding to A (Fig, 3) is 


2e 
4U=U, ——-1i, 
% I+e (4) 
where Up, is the voltage across each half of the PV for 
0 ; 
AR= ’ t= R ’ 


the maximum value of Up, is determined by the heating of the PV. 


From (3) and (4) the sensitivity of the photovaristor can be obtained, K, = AU/Aa; in our models the value 
of Kp was set at (5 to 8) v/mm, 


Correcting amplifier, Methods of correcting linear converters have been developed in detail in the theory 
of automatic control where they are widely used, The problem of correcting the dynamic characteristics of a 
moving coil instrument has been dealt with in [6]. 





In the present work they have been applied to the circuit in Fig, 1, 
Let the correcting amplifier of this circuit be replaced by an aperiodic dc amplifier, 


The transfer constant of such a system without feedback will be, according to (1), 





K(p)= K 


1 
14 pt — 
+ @ pt w2? (5) 


where B is the degree of damping; w, - the natural angular frequency of the galvanometer, 


The transfer function of the system with feedback will be, according to (2) , 


— a 
Kp (P)= 14+Kip)y | 


_ ’ 
~~ J4N —— 
Vi+N -_ 1 - 
oVI+V  (aV1+N) 








1+ 








=K 
fb 2B’ 

14,4 — 

W (@ 9)? 





p? (6) 


where N = Ky. 
We have thus obtained a second-order equation with equivalent parameters: 


for the gain 


~ «1+N (7) 
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natural frequency 


and degree of damping 
iesogin cs 
Vian (9) 


It will be seen that a fixed feedback increases the natural frequency of the circuit by a factor of ¥1 + N; 
this amounts to a correction, but it is achieved with a loss of 1 + N, Such a correction is not advantageous, and 
it is not the aim but the consequence of the feedback, which is intended for stabilizing the gain of the system, 


In order to obtain an optimum transient response for this system, it is necessary to fulfill the following 
conditions:8* = 0,6 to 0,8; for this purpose according to (9) the galvanometer damping should be 6 = 6'V1 + N= 
=(0.6 to 0,8) ¥1 +N, If this cannot be achieved or is inexpedient, the fixed feedback should be supplemented 
by a selective negative feedback, 


Let us now examine the special correction (widening of the working bandwidth) which is not accompanied 
by loss of sensitivity, 


In the circuit of Fig, 1 let us construct the correcting amplifier in such a manner that its transfer function 
is expressed by equation 


(p) at? sae 
Samp ~~? mtp 


where m < 1, 


It follows from (10) that the gain of the amplifier rises with frequency from its initial value of S, to a 
certain maximum value S amp'!/ m, The transfer function of the system without feedback will now be 





1 1+1 
5 2p 1 Yo ; 11 
1+ —— p+ —z p? P (11) 
Wo Oo 


If 8 > 1 it is possible to represent the denominator of the second-order polynomial with respect to p as the 
product of two factors: 


26 1 
1 + —pt+-yp?=(1+ap) (1+5p), (12) 
Wo OF 
where 
2p 1 
— = a+b; ~> =ab. 
(Wo 05 (12a) 


Let the parameters of the circuit be chosen in such a manner that the equality b = T holds, where b is the 
smaller root of (12). 


Then we can cancel similar factors in the numerator and denominator of (11) and obtain 


l 
l+ap : 1--mtp 


=K-—- ——, (13) 


1+ + : 
(0%) P (0)? P 





K (p)=K 
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where 





2B x a--mt: >. mt 
Woe —_— (13a) 


(Wo) ‘ f+. (14) 
Wy m 


Thus, as the result of the above correction we have again obtained a second-order system (13) with equivalent 
parameters (W»), and 6; (subscript k denotes the correction system); the natural frequency has now risen by 
¥i/7m without any loss in sensitivity, 


Combining (12a) and (13a) we have 


When a negative feedback is applied to this circuit we again obtain a second-order system (6), (7), (8), 
and (9) with parameters: 








(Kon Tan" (15) 
| wer 
(00), = / Lv, (16) 
‘= 
Vien (17) 


It will be seen that the combined effect of the special correction and negative feedback raises the natural 
frequency by a factor of 1/ ¥m- V1 + N with a loss of gain of only 1 +N. Thus, the special correction provides 
a gain in sensitivity of 1/m, 


From combining (12a) and (13a) it is possible to find the design formula which relates 6), and B: 


_ BU+m) + V B21 (1—m) — (18) 


2V m— 





Bx 


In designing a system it is necessary to take 6", = 0,6 to 0,8;next,from the value of N determine the value 
of 8}, from formula (17) and from the latter and formula (18) calculate 6, 


Such a system will possess a sufficient reserve of stability even if some of the small time constants are 
ignored, 


Above theory shows that,in correcting galvanometer amplifiers, it is important to find a correcting circuit 
with a transfer function (10), 


We have found and investigated several such circuits, two of which are shown in Fig, 4. 


For the first circuit 
S wRe 
ap RitRatRy (e+) ' 
t=C,R,; 
_ - Ri+Ra 
Ri+RatR, (u+1) 
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for the second circuit with condition r, > R, 





On the basis of above considerations the author designed, constructed,and tested out a model of a galvanometer 
amplifier, 


The full schematic of the model is given in Fig, 5, The gains (transfer constants) of all the stages and the 
values of the signal along the channel for a nominal value of the input and output signals are also given in the 
circuit of Fig, 1, 


Below we give the technical data of the model, 


The galvanometer has the following characteristics: the coil resistance is r, = 22 ohms; the critical 
impedance R, = 342 ohms; sensitivity in the assembly (the distance between the mirror and the surface of the 
photovaristors / = 52 mm) Sg = 0,7° 10° mm/amp; natural frequency fy = 1.7 cps) The degree of damping of the 
Rk 

= 2, 


Rg +t, 
The feedback factor of the system N = Ky™ 400, The parameters of the correcting system are: T = 27,9 msec; 


m= 0,02, The value of B, calculated from (18) is 13,2; the value of 6"), (the equivalent degree of damping of the 
system) calculated from (17) is 0,66, 


galvanometer B = 


Tests of the GA model showed that its static amplitude characteristic is linear over the whole range, Any 
variations in the slope of this characteristic (after prolonged operation) could not be observed on grade 0,5 instru- 
ments connected to the input and output of the GA, Neither was there any zero drift observable with a normal 
supply voltage, With supply voltage variations of + 10% from the normal, the zero drift did not exceed 0,25% of 
the full scale reading, The amplitude-frequency characteristic of the GA model at a nominal supply voltage 
(127 v) is given in Fig, 6, which shows that the operating frequency range amounts to some 150 cps, Fig, 7 shows 
an oscillogram of a transient process when the input current was abruptly switched on; the decay time of the system 
amounts to 10 msec, 


Careful testing of the model showed two peculiar defects in above system: a large sensitivity to shocks 
and vibrations; and a noticeable effect of ambient humidity, 


The first defect is probably due to unsatisfactory balancing of the galvanometer moving coil (additional 
experiments should be carried out in this connection) and vibration-proofing of the body of the galvanometer- 
amplifier should be developed, 


The second defect is due to the physical properties of the lead sulfite photovaristors used, In order to 
eliminate this defect it is necessary to protect the varistors with a moistureproof transparent film of lacquer, 


On the basis of the work carried out it was possible to suggest that the instrument-making industry should 
manufacture a series of multichannel miniature galvanometer- amplifiers for oscilloscopes, In these GA all the 
components should be miniaturized;thus, the galvanometer should be of the GB type (units of the geophysical 
series), the photovaristors of a special make (mounted on a single plate), and the correcting amplifier transistorized, 


For the purpose of studying the possibility of the last suggestion, the electrical measurements department 
of the Moscow Electrotechnical Institute made a special study, with the participation of the author,of a transistorized 
dc amplifier (single channel) and the replacement by it of the correcting tube amplifier in the circuit shown in 
Fig. 1. The results of this study are reported in [7]. 


Engineer S, G, Golub’ participated in the experimental part of the work, 
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MINIATURE TRANSISTORIZED GALVANOMETRIC AMPLIFIER 


I, N. Gratsianskii 


Galvanometric amplifiers are beginning to be used in measurements as attachments for raising sensitivity; 
for instance, with vibration oscilloscopes, 


Galvanometric amplifiers (GA),with their relatively high input resistance,can be made, for equal sensitivity, 
more accurate than other types of amplifiers, 


A number of papers deal with the general questions of their theory and describe various types of such 
amplifiers [1-3], 


R, R, Kharchenko [4] examined the relation of the dynamic characteristics of a definite structural system 
with its parameters, which determine the specification data of a GA, He also describes the results of testing 
a GA with a correcting amplifier which used thermionic tubes, 


When a large number of parameters which vary with time are measured simultaneously, multichannel 
converters and instrument amplifiers are used, 


In the present article a GA is described which employs miniature components, namely, a miniature 
galvanometer GB* * (from the geophysical series of units) developed by E, S, Borisevich [5], lead sulfite photo- 
varistors of a special construction (V. I, Lenin All-Union Electrotechnical Institute) and a transistorized dc 
amplifier (Fig, 1). 


The basic unit of the GA is the moving-coil galvanometer G (Fig, 2). A beam of light is directed by the 
galvanometer mirror from the source of light (L = incandescent lamp) to the differential photovaristor PV which 
is connected to the input of a balanced amplifier. 


In the middle position of the beam,which corrresponds to 1, = 0, both halves of the photovaristor are equally 
illuminated and have the same resistance, The output current I, = 0, 


In order to stabilize the GA and extend the operating frequency range, special corrections are introduced 
(Ry Cy) with a strong negative feedback [4], 


The two-stage transistor dc amplifier (T,T*;, T,T‘,) type Of-OK is based on a push-pull parallel balanced 
circuit, 


* See English translation, 

* * These galvanometers,in addition to other qualities,are less sensitive to shocks and vibrations (as compared 
with normal types) since,owing to their narrow, long coil, they are better balanced, The problem of vibration- 
resistance in galvanometric amplifiers as a whole has not been investigated and requires further study, 
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Fig. 1, Block schematic and transfer functions of galvanometric 
amplifier units, 1) Input circuit, 2) galvanometer, 3) photo- 
varistors, 4) dc amplifier, 5) correcting network, 





Fig. 2, 


The first stage (T,T*,) consists of a common emitter circuit, The current in the bases of transistors T; 
and T*, depends on the value of the photovaristor PV (Ry + AR). In the middle position of the galvanometer beam 
the resistances of the two halves of the PV are equal (Ry ~ 27 kilohms), The variation in this resistance with 
a normal displacement of the light beam AR = + 600 ohms, 


The second stage (T,T‘,) consists of a common collector circuit and is used to match the output resistance 
of the first stage to the load of the amplifier, wlich is made up of the series-connected components of the correcting 
network Ry C,, resistance rp, in the negative feedback circuit,and the GA load resistance (R, ). 


Compensation network Ryr, is required for balancing the nominal photovaristor currents (570 ya) and the 
base currents of the first stage (1, * 20a), With the existing parameters the compensation current amounts to 
some 550 pa, 


The amplifier was made up as a model and tested: out in the GA system, 


Transistorized dc amplifier, The source of current of the dc amplifier consists of a differential photovaristor 
connected in series with the dc amplifier input circuit (base - common terminal and source of supplies), An 
analysis of various possible circuits showed that the one represented in Fig, 3a is the most sensitive, providing 
the inequality Ry >>R i, holds, where Rip is input resistance of the parallel balanced transistor amplifier across 
one-half of the input (base - to the common terminal). 





In this instance it is possible to consider that the dc amplifier operates from a current generator (the 
photovaristor PV), and the signal is 


e 


1 =- -—, 1 
in pv F,, ss 
or, taking into account the shunting effect of the compensation circuit (Fig, 3b), it is 
o 3 ee 
bt vR, | RFRin (2) 
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where Epv is the voltage across the photovaristor (for the circuit under consideration,E = 15,4 v); € = AR/Ry 
is the relative variation of the photovaristor when the light beam is displaced (e€ = 0.022). 


Table 1 gives the design formulas for the dc amplifier parameters which were obtained by means of equivalent 
networks of the stages with the transistors replaced by their T-type equivalent circuits (with a current generator) 





and a system of physical parameters [6]. 


Figure 2 shows the normal values.of the circuit parameters and data for the quiescent state, 


Table 2 gives the design values of the de amplifier parameters and the test results, In the amplifier 


model,P6G transistors were used, with the following circuit characteristics: 1, = 1 meg, r = 250 ohms, R, 


ohms, and @ = 0,985, 


30 


The amplitude characteristic of the dc amplifier is linear,with an error not exceeding 1-2% in the limits 


of I, = + 1,7 ma, 


Its zero drift without the photovaristor in the range of +10 to +30°C for 3 hours does not exceed 2,5-5% 


for 1, = 1 ma, 


TABLE 1 





——— 


First dc amplifier (DCA) stage (T, and T'y 


Second DCA stage (T, and T’,) 





Rin 1 is input resistance 
of DCA proper (between 


bases of T, and T’,); 
* 2RyR’ in 1 
i" ee. 
2R, + Rin 1 


Combined input resist- 
ance of DCA and com- 
pensation circuit (Ry) 





2th Ry 1 
Rin 1= 
in 1*Re Qryj(1-~,)+Re +R11 
: 2rR.4 
= + —_—_—_—_-- . 
Mui king 


R = 
tl OR + Rin 2° 


Rin 2 is second-stage input re- 
sistance; fk 1,fe 1%, are param- 
eters of transistors T, and Tj 








nce of second-stage 
ircuit (between emitters 
IT, and T3); 


R 2 

our22Reg 

Rout 2 = ’ 1S 
R' out 2 + 2Re2 


= is output resist - 





Rd5ut 1 is output resist- 
ance of DCA first stage 
(between collectors of 
T, and T}); 


2Rk 1R' out 1 
r is 
2Rk 1 +Rout 1 


Output resistance of 
first stage. 





Rout 1 = 


Rout 1 = 2rk1(1-ey) + 
ot + Ry 
Re + 2R, * 
Ro is resistance of one-half of 
the photovariator when both 
halves are equally illuminated. 


Output resistance of 
DCA. 


Rin 2 18 input resistance 2rp2 Reo 
j Rin 2 = 2lb2 + 
Cyvem bases T, and {in 2 2rj9(1—og) + RI 2 
T'>) 
Rout 2=2e2 + 


2ryQ(1-ag) (Rout 1 + 2Fb2) 





Rout 1 + 2Fk2 + 2tb2 


Rout 1 iS output resistance 
of first-stage; 





kj 2 is the current gain 





kj 1 is the current gain 


myRI1 





Kj 
R71 Re 
iit (erege ge 
~ . i x) 
Rin 2 is input resistance of 
second-stage 











R 
12 
kj 2= 
Rp ( “Clg + Rour2 
2k 2 
° Ry Re2 
R72 - 
Rz +Re2 


* 
R7 =Re+lfpt+Rz 





ky 2 is the voltage gain 





Kk, 1 is the voltage gain 





a R71 





ky 1 = 








: R71 
Re + 
2k 1 











Ky 2 = 
R12 
R12 
R12 + 2rp2 | l-a, + oro 
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TABLE 2 























DCA parameters Calculated Measured 
value value 

= ~~ 
Current gain of the first stage 1.6 2 
Input resistance of the first stage (between 

bases of T; and T*;), kilohms 6 5.4 
Current gain of the second stage 60 56 
Output resistance of the second stage, ohms 140 150 
ICurrent gain of the DCA 100 : 80 
| EES i 





For the zero drift test the amplifier was operated from a selenium rectifier which was connected to the 
mains through a ferroresonating stabilizer, The photovaristor unit was then replaced by two resistance boxes, 


A simultaneous variation of the supply voltages (-17 v and +5 v,Fig, 2) by 5 to 10% produced a zero drift 
of 0.6 to 1,5% from its nominal value (1 ma), 


Galvanometric amplifier, Above transistorized dc amplifier was tested in the GA system whose circuit 
is given in Fig, 2,° The transfer functions of separate units are given in the block schematic of the GA (Fig, 1). 





Galvanometer G had the following parameters: fy = 2,5 cps, S; = 6,2+ 10° mm/amp, ty = 60 ohms, 
Rerit = 3000 ohms, and B & 2,6, 


The gain of the GA with an open feedback circuit is k™ 5,7+ 10°, The feedback factor is y* 4,13° 107° 
which corresponds to N = ky = 235, 
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Fig, 3, 





The correction circuit time constant T = RyC, © 
«0,016 sec; coefficient m ~ 0,03 (see [4]); the design Fig. 4. 
parameters of the GA with correction and feedback are 
By = 14,5, B*, ~0,9, f,), 225 cps, 


Figure 4 shows a family of GA amplitude characteristics taken with a constant current and varying values 
of N (Ro, was varied), 


Figure 5 gives the amplitude-frequency characteristic of the GA with a normal supply voltage, Variations 
of the supply voltage (the mains voltage) by + 10% altered slightly the bandwidth; with a rising voltage the 
bandwidth increased to 288 cps and with a dropping voltage it decreased to 226 cps, 


Figure 6 shows the curves of the maximuin zero drift I,g, of the GA during 3,5 hours without an input signal, 
versus the value of the negative feedback, The experiment was carried out in an ambient temperature of + 30°C, 


Figure 7 shows an oscillogram of the transient response of the GA to a sudden change of its input voltage, 


*R, R, Kharchenko participated in the testing of the GA system, 
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+. xem sec__| The GA circuit (Fig, 2) had the following technical 
dc characteristics: 
m 
7 1) current gain of k; = 240 with N = 235; I; = 
= 4,2 wa and J,7 = 1 ma; 
Fig, 7. 2) the GA amplitude characteristic is linear, with 


an error not exceeding 1% in the range of I, = + 1.6 ma, 


3) the GA input resistance is determined by the value of the building-out resistance in the input circuit 
(t, in Fig, 2); 


4) the GA current gain does not vary by more than 0,2-0,4% from its nominal value for supply voltage 
(mains voltage) changes of + 10% and with ambient temperature variations between + 10 and + 30°C; 


5) the GA zero drift for conditions listed in para 4) did not exceed 0,5 to 0,4% of the nominal value of the 
output current (1 ma); 


6) its operating range is 0-255 cps with a type GB galvanometer, whichhas a natural frequency of fy = 2,5 cps, 


Above investigation leads to the conclusion that the construction of multichannel, miniature, gal vanometric, 
transistorized amplifiers is possible and expedient, 


L. M, Sukhorukova participated in the experimental part of the work, 
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POTENTIAL DIVIDERS WITH A CONSTANT OUTPUT RESISTANCE 


K. A. Netrebenko 


cal Potential dividers with stepped decimal, binary and binary-decimal scales are widely used in measuring 
and counting instruments, They are usually constructed in such a manner that the required voltage is made-up 
of the direct sum of potentials across the resistors which comprise the potential divider [1, 2]. 


Another method, which is less well known and considerably less popular, consists in adding currents in 
discrete sections, The circuits normally described in literature are based on an approximate addition of currents 
., (for instance,in [2]), although on the basis of accurate summation of currents,very convenient and useful circuits 
can be constructed [3, 4], Valuable advantages of such dividers consist in the small number of resistors used, a 
simple switching system, less strict requirements with respect to the quality of contacts and constant output 
resistance, Below we give a few additional considerations with respect to the construction and use of dividers 
of this type, 


General schematic of a divider with a constant output resistance (Fig, 1), The circuit consists of a set 

of n resistors r,, a system of switches, which connect the ends of these resistors either to one or the other bus bar, 
resistor fy connected across the output terminals, and a certain passive linear (n + 2)-pole network S, If the 
internal resistance of the voltage source Ujp is zero, the output resistance of the circuit does not depend on the 
position of the switches, This can be easily verified by examining the equivalent circuit shown in Fig, 2, in 

ric, which the source of the input voltage and the system of switching are replaced by a system of generators with an 
emf of 





cps, 


Ey = X,Uin (1) 
where x, = 1 if the section under consideration is connected to the Ujpy bus bar, and x, = 0 if the section is 
connected to the 0 bus bar, 


The value of a;,U;,, by which the output voltage changes when the kth switch is thrown does not depend 
on the position of the remaining sections owing to the linearity of all the circuits and the constant resistance 
between the output terminals, Hence, the output voltage can be calculated from formula 


n 
ye =U State e 


By choosing circuit parametersin Fig, 1so that for k #€n, ay = (1/2)* and a, = (1/2) ant , we shall obtain 
a voltage divider with a binary scale, It is also possible to construct dividers with various binary-decimal scales, 


The sum of coefficients a, (the weighting coefficients for discrete divider sections) satisfies in Equation (2) 
the relation 


Ya,<!. (3) 


This will become an equality for tp = oo, By introducing this resistance the output voltage range can be decreased, 
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Practical adding circuits with wye and chain 





connections, In practice the system of resistance com- 


prising a divider whose general schematic is shown in 
Fig. 1 can consist of a simple adding wye circuit (Fig, 3a) 
a wye with multiplying resistances (Fig, 3b),a stepped 
wye circuit (Fig, 3c and 3d) and a chain circuit (Fig, 
3e), The methods of grouping resistors in wye Circuits 

of Figs, 3b and 3c can vary considerably, 


Methods of calculating resistances, Circuits of 
Figs, 3a, 3c and 3e could be considered as particular 
cases of the circuitin Fig, 3d, But, in synthesizing 
the divider it is more convenient to regard all the 
circuits of Fig, 3 as developments of the simple adding 
wye circuit of Fig, 3a, 





It is possible to make for dividers with any 
combination of resistors equivalent circuits similar 
to the one shown in Fig, 2, In making a series of 
equivalent transformations of concrete circuits (equivalent 
circuits with respect to their effect on the output 
terminals are in view) it is possible to obtain relatively 
simple conditions which would satisfy the values of 
resistors in various sections, 


It follows from Kirchhoff"s first law referred 
to the apex of the wye that coefficients a), in the 
equation of a simple wye divider (Fig, 3a) are pro- 
portional to the conductivity g, of the sections: 


ay Ea 
a (4) 


a 





Equivalent circuits for other combinations of 
resistors should be compared in the long run with either 
the circuit of the wye divider, represented by Equation 
(4), or with an even simpler wye circuit consisting 
of equal resistances, In the latter case the divider 
which makes it possible to change the output voltage 
in equal steps by Uj,/N, is compared with a wye which 
has N equal sections, 


By means of the above methods it is easy to 
prove for the circuit of Fig, 3b that the following 
condition is necessary and sufficient for obtaining 
the required scale: in each group the conductance 
between the bunched free ends of the resistors and the 
output terminal of the circuit 3b must be equal to a 
similar conductance in circuit 3a; the upper resistors 
of a group in circuit 3b are proportional to the equivalent 
resistors in circuit 3a, 


For the stepped wye circuit of Fig, 3c similar 
conditions hold, in considering each group of resistors, 
if instead of the output terminal of the divider the 
nearest left-hand side node with respect to the groups 
is taken as the reference point, 
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For the general chain circuit of Fig, 3d 
the following condition can be formulated: 
each vertical conductance must have the same 
ratio to the total conductance of all the sections 
to the right of it as that of the equivalent con- 
ductances in Fig, 3a, This condition is easily 
obtainable if the chain circuit of Fig, 3d is con- 
sidered as a stepped wye circuit similar to that of 
the circuit in Fig, 3c, but reckoning that in each 
step there is only one basic and one multiplying 
(intergroup) resistor, The total conductance is 
understood to be the one obtained between the 
bunched top ends of a section and the bottom end 
of the entire group in question, 


Concrete numerical examples of the choice 
of resistance values are given in Fig, 3, The 
figures against the individual resistors in Figs, 3b 
and 3c indicate their relative values providing 
the divider has a three-decade binary-decimal 
system with weighting figures 4, 2, 2, 1 (see [4]), 
The figures of the chain circuit in Fig, 3d 
correspond to a divider witha purely binary 
scale [3], 


Dividers with direct decimal reading, The setting of a given transfer coefficient in the binary system is 
very convenient in automatic devices [2, 3, 5], In manual equipment it is desirable to have a more customary 


method of setting and reading out, 


In order to obtain a normal decimal scale the binary-decimal scale is used with four two-position switches 
in each decade; the switched resistors of a decade are controlled by one common knob which must have 10 or 


11 positions, 


The decade switches can be made in the shape of a set of springs operated by aspindle with a system of 
cams, It is also possible to use a system of brushes switched by means of contacts which rotate on a drum, 
Fig. 4 shows a photograph of a four-decade wye-connection divider with such drum switches® ; its referred error 


is + 0.01%, 


It should be noted that a multidecade divider can be constructed from sets of similar resistors for each 
decade, This possibility becomes immediately apparent if the stepped system shown in Fig, 3c is redrawn as in 
Fig, 3e, Each group in this instance comprises four resistors with relative values of 4, 2, 2, and 1 and a building- 
out resistor of a value of 3,6, For the setting of the last unit in the last decade a resistance of the value of 0,4 


is added, 


Standard single-decade units could thus be mass-produced, leaving the assembly of the required number of 
decades to the customers, Such an assembly should be made possible by an appropriate arrangement of lead-out 
connections, for instance, three sockets on one of the side panels and three plugs on the opposite side panel of 


the unit, 





Contactless switches for the dividers, The possibility of using contactless switches was already mentioned 
in [3, 4, 5], Fig. 5 shows one of the possible ways of constructing a contactless switch, 


Here r), is the resistance of the kth section of the divider, R is the resistance through which the opening 
and closing current is fed to the diode switch, A, is the point to which the control signal is fed (zero of one of 
the binary code being set up), B, the point from which the signal of the set binary code can be taken to other 


circuits, 


*V. N. Vzorov developed the switch, 
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A triode tube- capacitance memory unit is used in the circuit of Fig, 5 for controlling the diode switch, It 
is also possible to use tube or transistor triggers, cold cathode thyratrons or magnetic amplifiers, 


Input resistance of the divider, The resistance between the input bus bars of any wye or chain-connected 
divider is a symmetrical function of the amplification factor 1 = Upyt/Ujq or its complement to unity (1-2). 





For a simple wye connection (Fig, 3a) the input resistance is represented by the expression 


' 1 1 1 | (“ + 1 ) 
ne —— = = 
« Le. Le, Dex 4 I» 


, (5) 





where g), and 8k are conductances connected,respectively, to the 0 and Uj, bus bars; 
1 





Se, wh. is the output resistance of the divider, 

1 
For p = 1/2 the input resistance attains its minimum,equal to 4rfo,;. For p = 0 and p = 1 the input resistance 
becomes infinite, 


For other circuits of Fig. 3, the formulas relating the input resistance to the transfer constant are a little 
more complicated, but even they only contain symmetrical functions of variables w and (1 - y). 


For a single-decade circuit » can only have 11 values, If the maximum value attains unity, the symmetrical 
function of 1 and (1-y) has only 6 values, This means that in order to provide a constant input resistance it is 
sufficient to shunt the input of the divider with a resistance box, which contains 5 sections and a switch with 10 
or 11 positions, The calculation of the shunting resistor is made by means of a formula of the type (5), 


In a two-decade divider the input resistance depends on two variables, the number of tenths a= 0,1...9 
and the number of hundredths b = 0, 1,.... 10, For a simple wye connection, for instance, a nonlinear relation 
holds 





! ae 
ere 
in out (6) 


1 
=[0.1a+0.016—0.01 a2=0.0001 62—0.002ab} ‘ 
Tout 





With two decades the number of various values of the input conductance amounts to 50, A complete compensation 
of its value would require a complicated additional circuit, Hence, in dividers with two or more decades an 
approximate compensation of the input conductance will have to be used, 


CONCLUSIONS 


Above wye and chain-connected potential dividers can be used in all cases when normal dividers with 
discrete scales are used, if the condition of their use does not require a strictly constant input resistance, Such 
dividers can be successfully used in various automatic compensation measuring instruments with digital recording 
[5] and in devices which convert discrete coded information into voltages [4], In these instruments the simple 
switching consisting of separate two-position elements is effectively used, 


The possibility of reducing to a minimum the number of precision resistances in the composition of the 
divider and less strict requirement for the quality of contacts is of undoubted interest for metrology, Although 
in normal circuits for measuring emf these dividers cannot be used owing to their variable input resistance, they 
can still be used for comparative precision measurements, 


These dividers will find wide and diverse application in cases when a constant output resistance is required, 
and the use of normal dividers involves inevitable errors; for instance, in two-stage potentiometer circuits, 
electronic models, grid electrical integraters, and various electrical checking devices, 
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A MAGNETIC INDUCTION METER BASED ON HALL'S EFFECT 


S. G. Taranov and N, E, Fevraleva 


Magnetic systems with small operating gaps of 0,8 mm and less are used in the radiotechnical and 
instrument-making industries, Magnetic induction in such instances can be measured by means of instruments 
based on Hall's effect, The schematic of such an instrument is shown in Fig, 1, It operates in the following 
manner: transducer 1 made of a germanium monocrystal of 1 X 2 ¥ 0,15 mm is placed in the field of a magnet 
whose induction it is required to measure, The current which is produced by source 2 and flows through the 
transducer is adjusted by means of resistance 3 and read on milliammeter 4, The voltage which is generated 
due to Hall's effect and is a measure of the requiredinduction, is read off milliammeter 5, Variable resistors 
6 and 7 serve to set the zero of the instrument, The instrument is calibrated against a permanent magnet, in a 
manner described below, by means of a variable resistance 8, 


The value of the voltage due to Hall's effect is determined from the formula [1, 2, 3, 4] 


, 


8 
Ur=R “08-10 WW 


where I. is the current flowing through the transducer, amp; 

B - the measured induction, gauss; 

d - the thickness of the transducer, cm; 

R - Hall’s constant, a 

amp. gauss 

The value of the supply current is determined by the condition for obtaining maximum sensitivity and the 
permissible heating-up of the transducer, The optimum value of this current for above dimensions of the trans- 
ducer is 7 ma, The transducer sensitivity amounts to 40 yv/oe, Its basic error does not exceed 1, 7% and 
additional errors 1,5%, The stability of its readings was checked during six months, The variation in readings 
did not exceed 0,8% of the mean induction value, The difference in determining induction by the induction- 
pulse method and by means of above instrument did not exceed 2%, Its measuring range is 0-3000 gauss, Its 
over-all dimensions are 200 ¥ 130 ¥ 80 mm, 


Below we provide data on the measures taken in making the instrument in order to eliminate the extraneous 
effects which arise during its operation, 


1, The calibration curve is linear over the range of measured inductances, Its linearity, however, is 
disrupted if the transducer material exhibits a Gaussian effect, which consists in the variation of resistance 
under the action of the magnetic field, The relative change in resistance is proporational to the square of carrier 
mobility 1, [4], This is why the transducer is made of germanium, whose electron mobility is relatively low 
(Ge = 3800 cm?/v- sec), 


*See English translation, 
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Fig, 1, Fig. 2. 


2, It is normally difficult to make an instrument in which points C and D should be at the same potential 
(Fig. 1) when current is flowing through the transducer in the absence of a magnetic field, In the operation of 
the instrument this produces errors whose value depends on temperature, Below we give a design technique in 
which the compensation of the voltage due to the deviation of the electrodes from the equipotential position is 
not affected by temperature changes, Hall's transducer can be regarded as a bridge circuit with shunting resis- 
tances (Fig, 2), The value of the resistors r, fp, fs and t is determined experimentally, Let us make r = r; then 
Ip = kel, fg = kgt and rg = kyr. 


The resistance between points AD and BD is: 


Ry 4 Rift pg. 
an = —,, 'an ano, 





Assuming the equivalent bridge circuit to be balanced in the absence of a magnetic field, the voltage across 
points CD will be zero, 


Then 


Rip Riko 4 
kurtr, ko t+r, (1) 





Let us examine the conditions of temperature compensation with an error less than 1% of the voltage due 
to the nonequipotential connection of electrodes and a temperature variation of 10°C, Let the resistance r due 
to this effect vary by Ar, 


Let us designate 
r+Ar=r', 


We shall consider the law of resistance variations with temperature to be linear, which holds for germanium 
in the range of + 10 to + 35°C with an error of 2-¥h, 


When the temperature changes by 10°C the bridge becomes unbalanced, due to changes in the resistance, 
and a voltage U, will appear across points C and D [5], 


After transformations we obtain 


P Rot'? py (Ror +9 4)—Roky’r , (Ral +r g) 
* (1+k,) (Ror +74) (Rar +r pg +R, (Ril! +0 pg +R p (Rot +r, ) 





Uo 
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This voltage must not, according to the adopted conditions, exceed 1% of the voltage due to Hall's effect 
for the maximum induction: 


Rell g (Rol +9 4)— Rokar'r , (Rar +p) 
(LAs) (har +7 Rar’ +7 p)t+Rat, (Rel +o p)+Ri gp (Ror +1 ,) 





0.01Uy max=/n (2) 


By solving simultaneously (1) and (2) it is possible to determine the value of resistors ra and tg. In practice 
the error of this compensation method does not exceed 1-2% for temperature variations of 10°C, 


3, The value of Hall*s voltage is also affected by variations of Hall's constant and of the plate resistance 
with temperature, 


The temperature error of the induction meter is reduced to a minimum by calibrating the transducer 
at different temperatures against a reference magnet whose induction in the air gap is known (about 3000 gauss) 
and changes very little with temperature, 


The instrument has passed its operational tests and is being used for measuring induction of moving-coil 
instruments, 
LITERATURE CITED 


[1] V. P. Zhuze, *Technical applications of Hall's effect,” Semiconductors in Sciences and Technology 
{in Russian] (v.1, Acad, Sci, USSR Press, 1957), 


[2] E. Schweibold, ATM (July, 1956), 


[3] Sun Su-fo, Measuring Power by Means of Semiconductor Instruments [in Russian] (Gosénergoizdat, 
Moscow, 1958), 


[4] A, R, Regel*, "Semiconductor measurements of magnetic field strength” from collection entitled: 
Semiconductors and Their Technical Applications [in Russian] (Acad, Sci, USSR Press v.1, Leningrad, 1956), 


[5] A. D, Nesterenko, Basis of Balanced Electrical Circuit Design [in Russian] (Acad, Sci, Ukr, SSR Press, 
Kiev, 1953), 


[6] H. Welker, ETZ 8, 15 (1955), 
[7] O, Lindberg, “The Hall effect,” Proc, of IRE 40, 11 (1952), 


[8] N. E, Fevraleva, “Utilization of the Hall effect in germanium for measuring magnetic flux? from 
collection entitled: Problems of Magnetic Measurements [in Russian] (Acad, Sci, Ukr SSR Press, Kiev, 1959), 


CERTAIN PECULIARITIES IN THE OPERATION 
OF A RECTIFYING NULL-INDICATOR 
IN THE PRESENCE OF HIGHER HARMONICS 


I, M,. Ter-Oganesyan 


The use of a rectifying instrument as a null-indicator of the fundamental frequency in a balancing device 
which contained higher harmonics indicated that the minimum reading of the instrument did not always correspond 
to a balance at the fundamental frequency, 
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Figure 1 shows the relation of the deviation 
angle 6 of the null-indicator pointer from the average 
value of the fundamental frequency voltage Vay, 
Curves 1 and 2 illustrate two characteristic cases, which 
we observed: 1) with certain values of the initial funda- 
mental frequency phase the minimum reading of the 
instrument occurs at Uay, = 0 (point a on curve 1); 2) at 
other values of the initial phase the instrument minimum 
reading occurs at Uay, # 0 (point b on curve 2), 





Below we examine the reasons and condition for 
the appearance of the second position of the minimum, 








In a general case the problem amounts to 
investigating the deflection of the rectifying instrument 
as a function of the fundamental frequency voltage, 
with variations of the voltage fed to the instrument 





u’ 
ad according to the law 
‘ A or U=UsmSin(wt +4) + Usmsin(3at + 3) + Usmsin (St+p,) 
a (the limitation of the formula to three odd harmonics 


is due to practical expediency), 


It is known that the deflections of a measuring 
instrument depend not only on the form of the input 
voltage function, but also on the characteristic of the 
rectifying instrument itself, i.e, on i= 9 (u), This 
characteristic can be approximated by a polynomial of 
the form 











i=a,\u+a,u? +a,u3+. .., 


where u is the voltage fed to the rectifying instrument; 

i - the current in the instrument; 

&, 4,... are the coefficients depending in this 
instance on the characteristics of the 
rectifier itself and on the resistors in 
the rectifying instrument (the meter, 









































D YU, <%=0 multiplier resistors), 
iRegion with one The general solution of this problem involves 
03 \ . dt ion considerable mathematical difficulties, Let us examine 
Region i //with five but two forms of relationships: i = a,u’, ie,, a square— 
ag {roots ae * roots law relationship, and i = au, i,e,, a strictly linear 
vt eS TE epaeede rectification, 
as 4 ~ oes It is at the same time assumed that the tuning 
! Ba or, Be a , of the balancing device, which changes the fundamental 
Q2%G+--—-4+,f 1} |! Dm <J 
; 4 + frequency voltage at the input of the indicator, does not 
x S| ie! F affect the values of the higher harmonics, This condition 
rel Si = corresponds approximately to the real condition when 


1 
0 eae 6&6 &@ OK the appearance of higher harmonics is due to the effect 
of external alternating fields, nonlinearity of separate 
elements of the balancing device, and the case when 


oa 
¥ 
ad 
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fn, 0,-%- a v,-0 several voltages are being balanced out whose shapes 


















































, ieeg Ae differ from strictly sinusoidal form and are not similar 
Region » oe eT ee ae See to each other (cases of tuned balancing devices of the 
type of filters for symmetrical components of three- 
\ phase systems), 
faso| | Bpapdaries Sensitivity of a rectifying indicator to the 
ae q fundamental frequency in the presence of higher 
mip f me! = WZ | harmonics, On the basis of the general definition of 
art . \|_ sensitivity as the limit of the ratio of the output- 
e' rt ie! variable increment to the fundamental input-variable 
se js 7s! increment, let us agree to represent sensitivity 5 of a 
0 Q2 04 Q6 08 10, rectifying indicator to the fundamental frequency voltage 
Fig, 4, by the following expression: 
__% 


i 7 The deflection of a moving-coil rectifying 
© ae NAN: instrument is proportional to the mean value of the 
current (Igy) 
b mu , P ‘ 
1 . 
#0 B=khy=k— | |i] dt. (2) 


©, °11°00', ¥,~-18°05' 9,7 35°30, %=- 060 
Fig. 5. Hence, 
Olay 
Saba 

bat (3) 
gemy bagi ae en It follows from Fig, 1 that the minimum reading 
y av, of the null-indicator in the second case (curve 2, point b) 
‘Tay corresponds to the zero value of sensitivity, 


28 Gy evenness) 


Ap 
=0 
av lim AU ° 
nimu 6Yy,*? ay, | 
Let us determine the sensitivity S for the above 
427°, 9,--10°0 e-uw. 9-57 two types of volt-ampere characteristics of the rectifier, 


Fig. 6. 1, Square-law volt-ampere characteristic of the 
rectifying instrument, The mean value of the measured 
current I__ in this instance must be proportional to the 

v 
sum of the squares of the effective values of separate 
harmonic currents: 











T 


T 
hy =— fi a,u?| dt= 2.  iogte (@f +45) + Usmsin (3at-+ 5) + Usmsin (Swf +45)? dt =aa( py? + U? + U9). 
() 


Then ol 


S =k ——8V¥— =] 11 ka,2U,. 


aT hee 
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It follows directly from the last equality that in a square-law relationship zero sensitivity will occur in 
the absence of the fundamental frequency voltage, i,e,, minimum reading will occur when the fundamental 
frequency voltage is zero, providing the higher harmonics remain constant, 


2, Linear rectification, In strictly linear rectification the mean value of the measured current I, ,, is 
proportional to the mean value Uny of the voltage curve at the input of the instrument, i,e,, to 





T 
l 
Ly =a, lu di=a,U,y 
Uv 


Then 


0 
Sab, ok, S,. 


= (4) 


where k, = kay is the coefficient depending on the parameters of the instrument; 


) 
5.* SUay is a circuit parameter determined by the relation of amplitudes and initial phases of separate 
8Uay 
i 


harmonics which constitute the nonsinusoidal voltage fed to the instrument, 


It follows from (4) that for the investigation of the instrument sensitivity to the fundamental frequency, it is 
sufficient to investigate parameter S_., 


For convenience of analysis let us assumo that U av, = const, and let us choose a time scale whose beginning 
coincides with that of the third harmonic, Then in the general case of a nonsinusoidal voltage curve (1),(which 
henceforth we shall call for brevity a total curve) fed to the zero indicator, we shall have 


U=U,mSin (wt +$,)+ Usmsindot + Usmsin (Swt+ 4s), (1a) 
or if we denote wt = &, Uym/Usm = my, and Ugrm/Usm = Ngsexpression (1a) will assume the form 


u=U,m[n,sin (a +,)+sin3a+n,sin (5a+4,)). (5) 


Let us investigate first the particular cases in which ~, and ~g assume the values of 0 or 7, namely, 


1) 4,=0, $=0; 2) =x, $=0; 3) W—=2, $="; 
4) 4,=0, d,=2. 


Depending on the relation among the amplitudes of the separate harmonics constituting the total curve, 
the latter can cross the X-axis in one period either five times(for instance, curve u’ in Fig, 2a) or three times 
(curve u** in Fig, 2b), According to this we finally obtain for the first two cases: 
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(6a) 
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3) <= ]— ; 
= 2ns, (6b) 
P * i 3n,—1+ YV 5n§—2n,+ 1+ 4n,n, 
. “) ‘an 
(7a) 





3n,—1— V 5nj—2n, +1+4n,n, 


” vy 3ng—14 ]/ Snj—2n,+1+ 4ngn, (Tb) 
Cy 2n, ; 


where So, and Sc, are valuesof parameter S,_ respectively, for five and three crossings by the total curve of the 
(s) a for the first particular case; 
So . are the same values for the second case, 














and Sc, 


Py investigating (6a), (6b), (7a), and (7b) let us find the conditions for which the sensitivity is zero par: 
for which the null-indicator gives the minimum reading, Assuming that for the first case Soy = 0 and s() =0 
we shall obtain.respectively: 


for five crossings-of the X-axis, 





m—( : ) at ns>0,5, (8) 


4n, 


and for three crossings 


My = Ng. (9) 
The necessary conditions for a minimum reading of the indicator in the second case, which were obtained 
in a similar manner to that described above (n, = - 1/4ng and n, = - ng) indicate that the curves of the mean 


values cannot have a minimum, since these conditions are not compatible with the definition made by us before 
for ny and ng (ny and ng are always positive), 


Thus, if the initial phases of the first, third and fifth harmonics are equal to zero,the minimum reading of 
the rectifying indicator (in conditions of linear rectification) will occur at a certain value of the fundamental 
distinct from zero instead of at zero, 


In order to find the maximum fundamental frequency amplitude which is possible for a minimum indicator 
reading,let us determine the relation between coefficients n, and ng for which the total curve crosses,in the first 
case, when u = Ugm (ny sin @ + sin 3 @ + ng sin5a@), the X-axis one, three and five times in half a period; i.e., 
equation u = 0 has respectively one, three, and five roots, An analysis of this equation shows that the boundary 
of the region in which only one root exists is determined by the expression 


5ng—2ns+1 


4n," 





n= 
Regions where three and five roots exist are separated by a straight line represented by the equation 


n= (l—ns) 
for %>0.33- (10) 
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The boundaries of the three regions are shown in Fig, 3, Curves 1 and 2 plotted from Eqs. (8) and (9) are 
also shown in the figure, 


It follows from Fig, 3 that,with an increasing third harmonic amplitude , the minimum deflection of the 
instrument occurs at an increasing amplitude of the fundamental frequency (curve 1 from ng = 0 to ng = 0,5), 
When the amplitude of the fifth harmonic reaches 50% of the third harmonic amplitude (ng = 0,5) the null - 
indicator shows a minimum when the fundamental frequency amplitude equals 50% of the third harmonic 
amplitude instead of zero, This should be considered as the largest fundamental voltage value for a minimum, 
since with a further increase in the amplitude of the fifth harmonic (ng > 0,5) curve 1 passes into the region 
where there are five instead of three crossings and,therefore, stops representing the real relation between co- 
efficients ny and ng for the minimum deflection of the instrument, This relationship is then represented by curve 2, 
The direction of curve 2 indicates, however, that in order to obtain a minimum (in the region ngs > 0,5) with a 
rising fifth harmonic, it is now necessary to decrease the amplitude of the fundamental frequency. 


A similar investigation of remaining particular cases showed that only for the third case (py, =p, = 1) is 
it possible to note a minimum value of parameter S,. (a minimum deflection of the indicator), The conditions 
for a minimum deflection in this case are similar to those for the first case already examined [(8) and (9). 


The ccrresponding curves for the relation between ny and ng (1 and 2) which provide a minimum for the 
mean value of the total curve are plotted in Fig. 4, The straight line separating the region of three from 
that of five roots, and obtained similarly to (10) from equation n, = 3-5ng, is also plotted in the figure, 


Thus, as the result of this analytical examination of the particular cases,it has been established that the 
minimum deflection of the rectifying instrument fails to correspond to the balancing out of the fundamental 
frequency not only when the initial phases of the third and fifth harmonic are zero, but, also when the fifth 
harmonic is shifted with respect to the third by an angle of m (in the scale of the fifth harmonic), 


It is interesting to find out whether this phenomenon will occur at other phase relations between the third 
and fifth harmonics, Examining the shape of the total curve when superposing the fifth harmonic on the 
third, with various values of the initial angle between them, made it possible to establish that above phenomenon 
must occur when the initial phase difference between the fifth and the third harmonics is equal to qe a /3 (where 
q is any integer) in the scale of the fifth harmonic, 


The unwieldiness of the analytical method of examining the general problem of phase displacement 
forced us to carry out further investigations experimentally, Two basic aims were pursued, namely, to confirm 
the analytical investigation of the particular cases and to analyze qualitatively the general case of the fifth 
harmonic phase displacement, 


For these experimental investigations an apparatus was made which provided the possibility of superposing 
voltages of the first, third and fifth harmonics at various amplitudes and initial phases, In order to obtain a 
linear rectification condition the total voltage was measured with a large input resistance of ~ 0,5 meg, In 
the above experiments the mean third harmonic voltage (Uay,) was set at 20 v and that of the fifth harmonic 
(Uay,) was varied between 0 and 15 v, i.e, 0-75% of the third harmonic voltage, A cathode-ray oscilloscope 
was used for observing the shape of the total voltage, The calculated relation between the mean value of the 
total voltage curve and amplitude of the fundamental frequency was confirmed experimentally by means of 
this equipment, The general case of the fifth harmonic displacement was also examined by means of this 
equipment, For this purpose three sets of experiments were carried out, In each case over the third harmonic 
voltage (Uay, = 20 v, ¥; = 0) were superposed voltages of the fifth harmonic with a constant amplitude and an 


initial phase varying in steps (of about 10°) in the range of ~; = 0 and ps5 =<, and also the fundamental frequency 


voltage, In the three experiments the mean voltage of the fifth harmonic was set at 5, 10 and 15 v, respectively, 
The fundamental frequency voltage Uay,+¥1) was adjusted by obtaining a minimum reading on the adding 
rectifying instrument (a minimum mean rectified value of the sum of all the harmonic voltages), The minimum 
reading of the adding instrument was,in all the tests without exception,smaller with the fundamental voltage 

than without it, if the fundamental voltage was adjusted in such a manner, 


Figure 5 shows oscillograms of the total curves with Uay, = 10 v, and Fig, 6 the same with U ay,= 15 v. 
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Curves a and b represent the oscillograms of total curves of the third and fifth harmonics, and curves c 
and d those of all the harmonics in which the fundamental voltage has been adjusted on the basis of a minimum 
reading of the adding instrument, The values of the initial angles », and ¥, given in Figs. 5 and 6 have been 
determined on the basis of a harmonic analysis of the oscillogram, 


CONCLUSIONS 


The minimum reading of an indicator which rectifies linearly cannot be used for balancing out the 
fundamental frequency since, in the presence of the third and fifth harmonics at any relative phase relations, 
a fundamental voltage (with respect to amplitude and phase) can be chosen for which the mean reading of the 
sum of the third and fifth harmonics decreases, 
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HIGH AND ULTRAHIGH FREQUENCY MEASUREMENTS 


MEASURING REFLECTION FACTORS OF DIELECTRIC SAMPLES 
IN FREE SPACE 


D. I. Mirovitskii 


An ideal reflection factor measuring circuit requires an incident homogeneous flat wave on an infinite 
flat sample [1, 2, 3], When samples of a limited length are used for measurements a limited wave beam falls 
on them, the distribution of energy over the beam section is nonuniform, and the wave front is not flat. 


When the measurement conditions approach the ideal, the sample is placed in the far zone of the instrument's 
antenna, and its dimensions are made to eliminate end effects, 


The measuring equipment must, therefore, have large dimensions,and the test sheets of the required 
materials must be of a large size, This circumstance not only makes testing more difficult, but. also prevents 
its application to relatively long waves, 


In working out the theory of the free space measuring method,it is important to evaluate the limits to 
which it is possible to deviate from the ideal conditions and the effect of these deviations on the accuracy of the 
results, to examine the possibility of measuring with the sample near the antenna in the field of nonflat waves 
and to evaluate the minimum sample dimensions for given accuracies of measurement. 


Below we analyze two limiting cases: 1) the sample has dimensions which make it possible to neglect 
the irradiation of its edges, but the wave cannot be considered flat; 2) the sample is so small tha the wave 
can be considered flat, but the irradiation of the edges is not negligible, 


The intermediate case when testing is affected both by the curvature of the wave phase front and the 
diffraction of the wave at the sample was investigated experimentally, 


MEASUREMENT OF THE REFLECTION FACTOR IN THE FIELD OF NONFLAT WAVES 


Errors of measurement due to the curvature of the phase front, In order to evaluate the corrections of the 
curvature of the phase front, we examined fields produced by electric dipoles, which were placed on a non- 
metallic surface, According to [4, 5, 6] it is possible to represent the vertical (v) and horizontal (h) components 
of a polarized reflected field of nonflat incident waves as 





E = Ey + AE, (1) 


where Ey is the image reflection of a flat wave;AE is the additional component due to the spherical nature of 
the wave. 


Hence, the reflection coefficient measurement error can be determined from 
AR=|R-T|, (2) 


where R is the reflection coefficient for nonflat waves; andT is the reflection coefficient for flat waves. 
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Fig, 1, Graphs showing the relation of the 
reflection factor modulus| R| %of a plane- 
parallel dielectric plate of thickness d to 
the angle of incidence ©° (full curves), and 
the curves of the measurement results with AR? = 
0.8, 2,0 and 3,2 cm waves, hor hor 
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The reflection coefficient of spherical waves 
cannot be accurately determined either in slanting or 
even in normal incidence, 


However, by selecting distance 2 at which measurements are made,and an appropriate standard, it is 
possible to reduce the error below a given tolerance in measurements without introducing a correction, At an 
incidence angle close to the normal (© < 20°) and a distance 2 = 5A, the error of measurement due to the 
spherical nature of the waves is always smaller than 1%, 


When measuring reflection factors of laminated materials at large incidence angles of the wave,it may 
occur that, owing to a positive phase of the “effective numerical distance", when the field attenuation function 
becomes virtually a “gain function", the amplitude of the surface wave produced in the laminated sample can 
be of the same order of magnitude as the normally reflected wave, Moreover, the additional component of the 
reflected field which produces the error due to the spherical nature of the wave is larger then the normally 
reflected wave, Under such conditions it is impossible to measure the reflection coefficient, 


The effect of the wave beam limitation on the measurement results, In addition to dipole and waveguide 
radiators, pyramidal and sectoral horns and image antennas are also used with measuring instruments, Thus, the 
irradiation of the sample is made either by a dipole wave, a limited waveguide beam, or a wave with a cylindrical 
characteristic, 





With a rising antenna directivity the correction for the wave-front curvature decreases, since the directivity 
characteristic forms part of the expression for the main reflected wave image, However, in measurements of 
large- area sampleswhich possess a considerable optical thickness, the limitation of the wave beam begins to 
affect the results, A difference in the thickness of the reflected beam is observed (as compared with a beam 
reflected from a metallic standard, placed in the position of the sample), as well as a displacement of the beam 
along the surface of the boundary [7]. These factors introduce an error in the measurements and lower the 
value of the reflection factor, A certain phase nonhomogeneity present in high-frequency materials along the 


surface of the measured sample can lead to the same results when samples are compared with a homogeneous 
standard, 
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Fig, 2, Curves showing the variation of the reflected signal power and graphs 
of reflection factor modulus at 3,2 and 10 cm waveiengths, with respect to the 
edge effect. Notations: O— a ferromagnetic sample,d = 6,2 mm; @O— or- 
ganic glass,d = 8 and 6,5 mm; A — duralumin,d = 10 mm, 


Measurement errors, due to the curvature of the phase wave frontand the limitation of the wave-beam 


size can be decreased by replacing metallic standards by nonmetallic ones, whose electromagnetic and 
geometrical characteristics are close to those of the batch of tested samples (so-called working standards) and 
by decreasing the directivity of the receiving antenna of the set, Then the sum of the inherent and manufacturing 


errors (Fig, 1) does not as a rule exceed 2-3%, up to angles of incidence of 70-75° of the absolute value, 
For a more precise study of the measurement error of an incident cylindrical wave, we only examined 
horizontally polarized waves, since the large directly transmitted signal in the case of a vertically polarized 
wave introduces an error considerably larger than the error due to the wave phase-front curvature, 
It was found that the error due to the wave propagated along the reflecting surface decreases with distance 
more rapidly than in the case of a spherical wave, and at@ < arc sin€ is equal to zero [8]. The reflection 


factor then measured is identical to the factor ['", 
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Fig, 6, Curves showing signal variations 
as read on the instrument indicator when 
small samples were displaced along the 
optical axis of athree-centimeter double- 
antenna instrument, 
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MINIMUM PERMISSIBLE SAMPLE DIMENSIONS FOR MEASURING THE REFLECTION 
FACTOR 


The technique of measuring the reflection coefficient of small samples is based on the substantiated as- 
sumption of the existence of a regular relation between the fields diffracted by ideal and nonideal conducting 
plates of the same dimensions. It is also assumed that both the regular and the irregular components of the 
field are attenuated proportionately to the plate's reflection factor. The investigation of the region in which 
the regular relation between the fields is maintained was made in three consecutive stages of analysis of 
reflections: from a large plate when its edge is irradiated; from a narrow plate when both its sides are irradiated; 
and from a small sample. 


Reflections from an edge of a large plate, The measurement error was evaluated from the simplest case 
(a thin opaque plate) by means of comparing expressions obtained for diffraction of a flat electromagnetic wave 
by a half-plane with Leontovich's limiting conditions with those by an ideal conducting plane of a finite 
thickness [9, 10], 





The diffraction field of a half-plane with Leontovich's limiting conditions and E polarization (the electrical 
field is parallel to the edge of the half-plane) can be expressed in the form of a sum of two terms; 
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Expression Eg differs from Sommerfeld's well-known formula for an ideal conducting half-plane by a factor 
which depends on the electromagnetic parameters of the plate material, and AE is the additional term whose 
presence is due to the finite conductivity of the sample, 


With H polarization of the wave, parameter p should be changed for 1/p. The coordinates of the observa- 
tion point are x = t,.cos ©, y =r sin © and a = the glancing angle of the wave, 


The extra term AE is equal to zero for metallic plates, since p = 0 and 
K 4 (— cos a) 
K_ (k cos 8) 








= y (1 —cos a) (1 +cos 8) . 


This term can also be neglected with p # 0, when observing the field near the direction of the image 
reflection, i,e,, when condition (© + a) = 1m, is fulfilled since then 


K_(—kcosa)  1+4sina~ 





By using the asymptotic representation of Fresnel's integrals, 
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and the easily verified identity, 
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it is possible to write the diffraction field approximately in the form 


a 8 
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The formula thus obtained differs from the well-known expression for a diffraction field of an ideal con- 
ducting half-plane (see, for instance,[11]) by a factor which accounts for the finite conductivity of the thin, but 
opaque plate,and is Fresnel*s reflection factor I, 





A numerical analysis of rigorous expressions for a diffraction field shows that the correction for the edge 
effect is small, In order to make the difference between the reflection found by irradiating the edge of the plate 
and the actual factor smaller than 1%, it is sufficient to remove the observation point to a distance r = 30A 
from the edge of the plate providing |I'| = 25%,and the deviation from the image reflected beam is smaller 
than 5°, 


Thus, for a thin opaque plate both the normally reflected signal and the signal due to the edge effect are 
attenuated proportionally, owing to the nonideal conductivity, The approximation in assuming the correspondence 
of the diffraction fields of ideal and nonideal conducting surfaces becomes more evident when the observer 
departs from the direction of the image reflection and when a wave with a curved phase- front is diffracted, 

This is due to the dependence of the reflection factor on the angle of incidence of the wave, 


The conditions under which finite thickness plates were affected by different degrees of transparency 
were checked on a series of rectangular plates of different thicknesses,but with identical remaining dimensions, 
by means of investigating the relation of the reflected signal to the intensity of irradiation of the plate edge 
(dimension C in Fig, 2), The test results were referred to a reflection curve for a metal plate of the same 
dimensions, 


The referred curves of the reflected signal are completely regular, and their shape, which is determined 
by the type of measuring instrument used, the distance to the antenna and the angle of incidence of the waves 
does noi depend on the material of the plate or its transparency, 


Te reflection factor calculated from the signals reflected from the measured and reference plates 
identically fixed in the holder of the measuring instrument does not depend on the direction of maximum 
radiation, whether it is toward the middle or the side of a plate, and is equal to the true value of the plate 
reflection factor as found from the electromagnetic parameters of the plate and its optical thickness, For a 
fo accuracy of measurement and a wave incidence close to normal, vatiationin the thickness of the plate 
is permissible over fairly wide limits (from 0,1 A to A), This condition holds in the limiting case as well, for 
a completely nonreflecting, transparent, so-called half-wave plate and with above accuracy, for a nonreflecting 
and opaque plate, 


Reflections from a narrow plate, Investigation of reflections from a narrow plate is necessary in order 
to evaluate the part played by secondary effects due to the interaction of high-frequency currents on two sides 
of a plate which are irradiated simultaneously, The relation of the reflected signal to the width of plates with 
different reflection factors and degrees of transparency was examined, Experimental data was obtained by 
means of sets of 30-50 plates for each laminated substance of widths varying from 8-10 A to 0,2 A, 





The results of measurements in the microwave range at two orientations of the electric field, with distances 
to the antennas varying between 2A and 40A and the angle of incidence from 0 to 10°, show that the shape of 
the reflected signal curves (an accuracy of 5%) does not depend on the composition of the plates, provided the 
width of the plates b is larger than A (Fig, 3). 
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With a normal incidence of waves the above-mentioned regularity is disrupted only when the width of 
the plate approaches its thickness; with a rising incidence angle the similarity deteriorates at an increasing 
rate with a rising transparency of plates (Fig. 4). 


Owing to the close relation of the reflected signal to the width of the plate, even a small difference in 
dimensions produces a considerable error, whose sign depends on the nature of the reflected signal change in 
the region of the plate of any particular width (Fig, 5), This is particularly noticeable when the width of the 
plate is smaller than the diameter d, of Fresnel's first zone, The nth-zone diameter equals d, = 0.5 V8Tnen 
where / is the distance in wavelengths from the antenna’s phase center to the surface of the sample. 


Reflections from small samples of various shapes, By analyzing the regularity of variations in reflections 
from rectangular plates whose width and length were progressively decreased down to dimensions equal to the 
test wavelength, it was established that measurements of the reflection factor from sheets of various materials 
by the comparison method were almost completely independent of the sheet sizes, For investigating the effect 
of the position and shape of samples on the measurement results, the relation of the reflected signal to the 
distance of the sample from the instrument antenna was measured over distances of 3 to 40A (along the optical 
axis AA) for a set of round and square plates of various sizes, made of duralumin and sheets of dielectric and 
ferromagnetic materials, In each pair of nonmetallic and metallic samples of the same dimensions, similar 
variations of the mean signal with distance were observed—variations which, however, were different for samples 
made of the same material but having different dimensions and shapes~and became increasingly distinct with a 
widening difference in dimensions and shape (Fig, 6). 





In comparing test curves of dielectric and ferromagnetic, transparent and opaque,sm all samples of the 
same dimensions and shapes, it was found that the normalizing multiplier for a curve plotted for a similar 
metallic sample was independent of distance and identical with the corresponding reflection factor of the sheet 
material, 


On the basis of the results thus obtained, and taking into account the particular conclusions arrived at in 
[12] it is possible to establish the effect of the shape and dimensions of small samples on the measurement results, 
For this purpose coefficient S, which characterizes the dimensions of the sample and depends, of course, on the 
position of the observation point, must be introduced into the formula describing the electromagnetic field E¢ 
in front of the sample; 


ik (l—x) —ik (1+.x) 
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I (e, ») S (x, a), (8) 


where / is the distance from the point source to the sample; and x is the distance between the observation point 
and the sample. 


The fields along the axis of the sample can be written for a flat wave as 





A 2A? (9) 
x a? 
7, (1-= a) 


moreover, if the distance x from a round sample to the observation point (along the axis) is considerably greater 
than the radius of the sample, i.e., if A? = a+ x? x, an approximate expression can be used: 


gue ~~ £8, (10) 
where the coefficient is of the form 
oe ae ee 
~ 2 2 4Ar (11) 
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Thus, the reflecting properties’ characteristics of a flat sample of a simple shape (circle, rectangle) 
can be represented for small incidence angles in the form of a product of two independent factors: the reflection 
coefficient [ and the shape coefficient S, providing the samples are made of materials without losses and 
have larger than resonance dimensions,or have any dimensions,but are made of materials possessing considerable 
losses, The first factor is a function of only the electromagnetic parameters and the second of only the sample 
dimensions and its positions in the radiation field, 
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RAISING THE ACCURACY OF THE ELECTRICAL CALIBRATION 
OF PONDEROMOTIVE ULTRAHIGH-FREQUENCY POWER METERS 


V. D. Kukush and V, G. Orlov 


It is known that the total calibration of ponderomotive power meters consists of two stages, the electrical 
and the mechanical, The electrical calibration consists of evaluating the electrical calibration coefficient, 
which represents the relation of the force to the power and is determined experimentally by a method based on 
the adiabatic action invariance of cavity resonators without losses [1], 


The calibration schematic recommended in [1] is shown in Fig, 1. The main difficulty of calibrating 
by means of this circuit consists in reading small reflected-wave phase variations due to virtual displacements 
of the instrument's moving part, The large attenuation of the measuring line (normally of the order of 20-25 
db) requires, for an accurate calibration, very sensitive indicating devices (sensitive galvanometers, a super- 
heterodyne receiver, etc, ), 


The suggested calibration circuit consisting of a hybrid T-junction (Fig, 2) has a higher sensitivity for 
small reflected-wave phase variations than the circuit in Fig, 1, thus providing a much higher accuracy in 
determining the electrical calibration coefficient for the same indicating devices in either case, 





* See English translation, 
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Fig. 1, Calibration schematic for a eel 
ponderomotive power meter using a | 
measuring line, 1) ponderomotive hee? 
power meter; 2) measuring line; Fig. 2. Schematic for calibrating 
3) instrument amplifier; 4) ferrite ponderomotive power meters by means 
gete; 5) ultrahigtr frequency oscilla- of a hybrid T-junction, 1) pondero- 
tor with a wave meter; 6) shorting motive power meter; 2) hybrid T- 
plunger, junction; 3) instrument amplifier; 


4) ferrite gate; 5) ultrahigh-frequency 
oscillator with a wave meter; 6) 
shorting plunger; 7) detector head; 

8) shorting plunger, 


The calibration technique by means of the 
suggested circuit does not change the physical essence 
of the process and consists of the following, 


The plunger in the side branch I of the hybrid T- 
junction is set arbitrarily, but its initial position x*y is noted, The plunger in branch II is adjusted for a minimum 
reading on the indicator of the detector circuit for an initial angular position ©) of the instrument's moving 
element, Increases in the reading of the indicator are observed as the angle of the moving element is varied by 
A® = ©-©, Then the plunger in branch I is adjusted for a minimum indicator reading,and its new position 
x’ is noted, giving Ax" = x"- x, Next the plunger in branch I is displaced with respect to position x by A,,/4, 
where Ay is the wavelength in the waveguide; the new position of the plunger will be x% = x + A,,/4, and the 
moving element of the instrument will return to its original position, 85. The plunger in branch II is then 
adjusted for a minimum reading on the indicator, 


Next the position of the plunger in branch I, Ax” = x" - x%, required to compensate for the phase shift 
caused by the displacement of the instrument's moving element by A®, is determined in a similar manner, 
The calibration coefficient is calculated from formula 





1 = | 
Re= ’ 
2fiw 48 


where f is the frequency, 


It can be shown that the circuit in Fig, 2 is c/4 times more sensitive to small phase changes than the one 
shown in Fig, 1, (c is the power loss of the measuring line), The sensitivity of the new circuit is 79 times higher 
than that of the circuit in Fig, 1 if the latter includes a33I measuring line, and the remaining conditions are 
the same, 


The high sensitivity of the new circuit considerably lowers the random error in determining the calibration 
coefficient, Thus, in calibrating a ponderomotive power meter in the three-centimeter band through the Fig, 1 
circuit, the calibration coefficient in the middle of the band (3,30 cm) amounted to (1,74 +4 0,08)- 1074 
d- cm/w- rad, and the relative limiting error to 4.60%, When calibrating by means of the Fig, 2 circuit under 
similar conditions, the calibration coefficient amounted to (1,78 + 0,01). 10°4d- cm/w- rad, and the relative 
limiting error to 0,56%, 


It should be noted that the limiting error in both instances is considered to be the error committed in 
Ax* + &x* 


measuring the value of AO ; 
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CONCLUSIONS 


The utilization of a hybrid T-junction for calibrating electrically ponderomotive power meters provides 
a higher accuracy and simpler and cheaper measuring equipment, Above technique is fully applicable to the 
absolute calibration of coaxial ponderomotive power meters, For such calibrations coaxial “magic” T-junctions 
should be used (for instance, those described in [2]), 
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A COMBINED OSCILLOGRAPHIC METHOD FOR COMPARING FREQUENCIES 


A. I. Fyurstenberg 


Oscilloscopes are widely used for comparing frequencies of electrical oscillations, They provide a higher 
sensitivity than direct-reading counting-type frequency meters in comparing highly stable reference frequencies, 


The most simple is the well-known sinusoidal scanning method*, Marked disadvantages of this method 
consist of the impossibility of determining the sign of a frequency difference by the direction of the pattern 
movement, and of the complexity of the figure for frequencies whose ratio is represented by large numbers in 
the numerator and the denominator of an irreducible fraction, For finding the sign of ‘frequency differences, or 
comparing frequencies whose ratio is either large or represented by an irreduciblefraction with a large numerator 
and denominator, either image brightness modulation [1-5] or cycloid [1, 6, 7] methods are used, 


The image brightness modulation method makes it possible to compare frequencies with ratios up to 100: 1 
and 100:99, The defect of this method for measuring rational-fraction frequency ratios with the smaller number 
exceeding 7 or 8, and for accurate comparisons exceeding 2, is the necessity of feeding the modulator with 
sufficiently short (as compared with the period of the scanning voltage) pulses, which trigger the electron 
beam, In comparing frequencies above several megacycles,the shaping of pulses becomes difficult. 


When epicycloids are used it is possible to determine by the shape of the figure whole-number frequency 
ratios approximately up to 100: 1 and rational-fraction ratios of the form of 60:7, 50:9, 40:11, One of the 
disadvantages of the cycloid method consists in the close coupling between the oscillators being compared, a 
coupling which, however, can be reduced by connecting the oscillators through the cathode follower double 
triodes [8]. Another drawback is the necessity of using oscilloscope amplifiers whose bandwidth is wide enough 
for the higher of the two compared frequencies, When a double phase shifter is used it is also necessary to adjust 
the circuit for a 90° phase shift both on the lower and the higher frequencies, 


The suggested combined method of comparing frequencies is simple, easily applicable, and is free to a 
considerable extent of the defects inherent in the sinusoidal scanning and brightness modulation methods, on 
which it is based, 


The basic idea was suggested by R, Walter [9]. He proposed to determine the difference frequency between 
two voltages with a large frequency ratio by counting the number of sine-wave peaks (extended beyond the 
limits of the screen) which are made to pass in front of a marker on the oscilloscope screen, The compared 
voltages were fed to the oscilloscope amplifiers and the fly-back was blacked out, 


* We avoid using the ambiguous term “Lissajous figures", 
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aaa ", The advantage of this method,in addition to 


determining the sign of the difference frequency, consists 
IZ : ; , 
in the possibility of measuring the difference frequency 






































we at twice as fast a rate as with the sinusoidal scanning 
ft 1 . |e method; the difference between the higher frequency 
=p? and the corresponding harmonic of the lower frequency 
(the number of peaks passing the marker per second) 
”? fet can reach + (3-4) cps, 
Fig, 1. However, R, Walter's suggestion also has its 


disadvantages, In the first place,an accurate deter- 
mination of the instant the peak of a sine-wave passes 
the marker is difficult and thus lowers the sensitivity of the instrument; when the coincidence of luminous 
figures is observed,the sensitivity is much higher, In the second placesthe variation of dc voltages on the cathode- 
ray oscilloscope electrodes produces a displacement of the image, This effect leads to an additional error which 


does not exist either when the coincidence of figures is observed in sinusoidal scanning or with the strobing of 
a narrow ellipse [4], 





Fig, 2, Images obtained by the combined method of comparing frequencies with a ratio of 14:13, a) Initial 


sinusoidal scanning figure; b) divider figure for determining the numerator 13; c) divided figure for deter- 
mining the denominator 14, 


The essence of the combined method for comparing frequencies (Fig, 1) consists in feeding to modulator 
3 of the oscilloscope,whose amplifiers 1 (vertical) and 2 (horizontal) are connected to the oscillators under test, 
in turn, the lower and higher frequency, With a sufficiently high modulating voltage the brightness of the 
sinusoidally scanned figures can be controlled, the greater part of the figure becoming darker,and a small portion 
brighter, In order to obtain an easily observable image, it is necessary to separate a portion of the figure which 
consists only of its “front” or "back" part, This effect is achieved by phasing the voltage fed to the modulator. 
It is also posible to adjust the phase of the voltage fed to the deflecting plates of the cathode-ray tube, Thus, 


the “divided” figure contains only half the number of lines as compared with the original sinusoidal scanning 
figure, 


The required phase shift is obtained by means of a suitable phasing capacitor, which is connected in 
series with the modulator, The value of the capacitor depends on the impedance of the modulator circuit and 
on frequency, For instance, when oscilloscope £O-7 is used in the 6-9 kc range a 20 wuf capacitor is suitable, 
When the tested frequency is away from the middle of the oscilloscope amplifiers’ passband, a sufficient phase 
shift is normally obtained even without the capacitor, 


In order to obtain the required value of the modulating voltage, the modulator is connected to the 


output of the oscilloscope amplifiers,and the sinusoidal scanning figure is extended in the required direction 
to 1,5-2,5 diameters of the screen, 
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The schematic circuit of the combined method of 
comparing frequencies is simple (Fig, 1), In position I of the 
switch,modulator 3 is grounded; the difference frequency can 
be determined, when the image 1s moving slowly, by measuring 
the repetition period of the sinusoidal scanning figure, The sign 
of the difference frequency is found by observing the direction 
of movement of the divided figure which is obtained by connecting 
the lower frequency to the modulator, For this purpose the figure 
is extended as previously described, the brightness is reduced, the 
switch thrown into position II, and the beam refocused, If 
necessary,the brightness is slightly readjusted and the beam re- 
focused again in order to obtain clear, bright lines, The move- 
ment of the divided figure from left to right or right to left will 
indicate the sign of the difference frequency if it is estabilished in 
advance by means of an auxiliary oscillator which direction of movement corresponds to a positive frequency 
increment of one of the two tested frequencies, If the movement of the sinusoidal scanning peaks is relatively 


fast and difficult to observe, the divided figure which was obtained in switch position II is used, since its peaks 
move at half the speed, 





Fig. 3, Determining the 
number of lines which can be 
drawn through the luminous 
crossings (a seven-line ex- 
tended divider figure), 


The number of lines in the divided figure which is produced when the lower frequency is fed to the 
modulator is equal to the smaller of the integers forming the irreducible fraction ratio of the two frequencies 
(the denominator), The number of luminous lines is determined by counting the number of crossings and single 
arcs which lie on any straight line taken across the divided figure, Each crossing counts for two, and each 
single arc for one (Fig, 2). 


In position II of the switch,the higher frequency is fed to the modulator, By reducing the amplification 
of the horizontal channel and raising that of the vertical channel,we shall obtain on the tube screen a divided 


figure with a number of lines equal to the larger of the integers comprising the irreducible ratio of the two 
frequencies (the numerator), 


The determination of the frequency ratio by means of counting the number of luminous lines in a divided 
figure requires a relatively smaller frequency stability than the counting of peaks and free ends of an “open 
figure” obtained in coinciding lines of sinusoidal scanning, The open figure becomes difficult to read when the 
superposed luminous lines diverge by 2-3 mm, A slow displacement of the crossings of a divided figure by 5-7 


mm when determining the numerator of the fraction,and by 10-15 mm for the denominator, introduce a relatively 
small difficulty in observation, 


The separate determination of the numerator and denominator of the fraction provides under favorable 
conditions (good stability of figures, lack of flicker, sinusoidal voltages, accurate focusing of the beam, at least 
a 13 cm oscilloscope screen) the possibility of measuring frequencies with ratios up to 30:29, When working 
with ordinary audio oscillators wormed-up beforehand at frequencies close to 1000 cps,it is possible to decipher 
divided figures of frequencies with ratios of 23: 22, 


At frequencies up to about 500-600 cps many divided figures of frequency ratios represented by fractions 
with large numbers in thenumerator and denominator flicker considerably, thus making the counting of lines 
difficult, Images with strong flicker can be analyzed up to ratios of 10: 9, and those with a flicker of medium 
intensity, up to ratios of 15: 14, 


When the movement of the multilinear divided figure is slow, the number of lines corresponding to the 
smaller of the two figures in the irreducible fraction can be determinted by counting the number of imaginary 
straight lines drawn through the crossings of the luminous lines, The number of luminous lines in a divided 
figure is equal to the number of these imaginary lines plus one (Fig, 3), If the number of imaginary lines 
exceeds 5 or 6 their counting is carried out by sticking on the oscilloscope screen a narrow piece of paper on 
which the crossing lines are marked off, This method provides reliable measurements of denominators of frequency 
ratios up 10-12 on a 13 cm oscilloscope, 


The position (on the oscilloscope) of the tumbler switch for controlling the modulator operation should be 
carefully considered, The switch should be separated from the rest of the oscilloscope circuit, This will obviate 
an additional modulation of the divided figure brightness which would otherwise disrupt its completeness and 
prevent the counting of separate arcs at the borders of the images, 
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CONCLUSIONS 


The combined methodof comparing frequencies is suitable for determining an oscillator’s frequency with 
a fractional ratio to the reference frequency,consisting of two large numbers, and for determining the difference 
frequency and its sign (especially with a relatively large difference frequency or a complicated figure), This 
method makes inexpedient the use of the more complicated and less convenient elliptical scanning method 
{1, 10], which must have a buffer stage to decouple the two oscillators, and cannot be used for comparing fre- 
quencies of low voltages, The multiline divided figures can be used similarly to the multiline figures in 
elliptical scanning [10]. 
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OPTICAL MEASUREMENTS 


MEASUREMENTS IN THE FIELD OF VISION 
OF OPTICAL INSTRUMENTS BY MEANS OF AN OPTICALLY 
INDEPENDENT MEASURING DEVICE® 


D. N. Ulezko 


Figure 1 shows an attachment developed by the author for measuring in the field of vision of an optical 
instrument (in this instance a microscope) an attachment which can be called optically independent, 


A source of light 1 whose intensity can be adjusted by arheostat illuminates a sighting marker 2 made 
of opal glass or whiteplastic, By turning the measuring table 3 about its axis 0-0 it is possible to change the 
direction of the marker*s movement, 


The eyepiece of the microscope carries at an angle of 45° to its axis a plane-parallel glass plate 4, which 
provides in the field of vision of the microscope, when one looks into the eyepiece, a “transparent” virtual 
image of the measuring table with the sight. The revolving head 5 contains a set of lenses which provide the 
observer with the possibility of choosing one of them for a clear vision without accomodation both of the sight 
and the image of the object on which the microscope is focused, In order to avoid doubling of the image it is 
possible to silver lightly the plate surface which faces the eye so that some 19% of the incident light are reflected 
from the surface, 


An accurate coincidence of the sight- displacement plane with the object plane, in wich the measurements are to 
be made, is achieved by adjusting the distance between the measuring table 3 and the microscope, This con- 
dition is achieved with the disappearance of the parallactic displacement of the object with respect to the sight 
image when the observer's eye is moved from one extreme side position to the other, 


Moving marker 2 with the aid of the measuring table,we displace its image 2° in the instrument's field 
of vision, making it coincide first with one and then the other side of the measured object, and determining 
its dimensionsfrom the difference of the two readings, 


The graduation of the measuring table, magnified by the optical instrument, amounts to 


where L is the distance between the eye and the marker along the beam path, mm; 
N - the instrument's magnification; 
a - scale graduation in fraction of a millimeter or arc dimensions; 
250 - the least distance of distinct vision, mm, 


The error of the measuring table referred to the amplified image scale is expressed by the same formula 
with a replaced by A, the error of the table, and a* replaced by A* the referred error, Since N is not always 
known accurately, it is better to determine a directly, for instance, by means of an object micrometer, 


* A device which measures by means of sighting is said to be optically independent if its scale or sight,and the 
space in which it moves during measurement,is produced in the observer's eye (or in the receiving equipment) 
simultaneously with the object, but, without the aid of the instrument's optical system,which produces the image 
of the object, 
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If the error of the table is + 2yu, the error of the 
instrument, by which the table image is actually viewed 
with the naked eye at distance L(1), will be equal in 
angular units with respect to the observer to about 1,62" 
(if L = 250 mm), 


Thus, it is considerably lower than the eye's 
threshold of sensitivity and cannot, therefore, affect 
the measurements, 


The same error (+ 2.) of an eyepiece micrometer 
type AM-9-2 with a magnification of 15, which is 
normally used in measuring microscopes, expressed in 
angular measures,amounts to 25", thus being considerably 
higher than the threshold of sensitivity of the eye, 


Above considerations bring to light a circumstance 
important from the practical point of view, that the 
measuring table can have an error considerably exceeding 
+ 2u. The revolving head 5 with the set of lenses makes 
it possible to work with an L equal, for instance,to 500 
mm, In this case an error of + 12y in the table would 
produce an equivalent error in angular units of + 5", 
which also probably lies below the corresponding sen- 
sitivity of the eye, but makes the production of a micro- 
meter screw of that accuracy considerably easier than 
that of a normal screw, 


In the device under consideration the sight is 
viewed,in effect,by the naked eye,and it is easy to make 
the errors of sighting fall below the threshold sensitivity 
of the eye, Moreover, in this arrangement there are no 
diffraction fringes near the edges of the sight, which 
appears perfectly smooth and sharp to the eye, 


Figure 2 shows a device similar to the one described 
above: a common rigid plate carries an instrument 
type PMT-3 for determining microhardness, and micro- 
scope 1, whose eyepiece has a glass plate 2 attached 
to it; a measuring microscope stand with its table 3 and 
a flat mirror 4 above it tilted at 45°, are placed near 
microscope 1, By means of this mirror and plate 2 it 
is possible to project the virtual image of the measuring 
table onto the field of vision of a person observing 
through the microscope, The tests of this instrument 
carried out by us revealed its high accuracy of measure- 
ment attained by an optically independent measuring 
device, Thus, in repeated sighting of an object's edge, 
the root-mean-square deviation from the mean value of 
a series of measurements, of ten readings in each, did 


not exceed 0,025 p (less than 1/20 of the resolution of the optical system used; its total magnification was only 


250), 


It should be noted that similar measurements could only be made on the PMT-3 instrument 15-20 min 
after switching on the lamp of the illuminator which is incorporated in the microscope tube, i,e,, after the 
establishment of a thermal balance in the region of the tube and the stage of the microscope, 


156 











Another possible version of the device in conjunction with a microscope, which in this instance is used as a 
projector,is shown in Fig. 3, An image of the microscope objective is projected directly, or by means of an 
eyepiece and a reflecting system,onto screen 1 in such a manner that the observer looks at the screen from the 
same side on which the image is projected, This condition is essential,since otherwise diffused contours and a 
relatively pale image would inevitably be produced with a transparent screen, The screen surface used for the 
reproduction of the image should satisfy strict requirements with respect to the reflection factor, a small 
transparency of the layer and small dimensions of its components, The moving sight should lie and move strictly 
in the plane of the screen surface, and the degree of the illumination of the sight should be variable over a wide 
range, All these requirements involve the design of a special type of screen and sight, The essence of the 
construction of such a screen and sight consist in the following: on one side of a wide,sufficiently thick plane- 
parallel,glass plate a narrow, reflecting strip with parallel, sharply defined edges is imposed by means of silvering, 
Next the entire glass surface, including this reflecting strip, is covered by a thin layer of a diffusing-reflecting 
substance, 


The glass is fixed with its transparent side uppermost to the measuring table 2, The image is then pro- 
jected onto the screen through the glass, Thus, the projected image will, naturally, remain stationary when the 
screen is displaced by means of the measuring table;but the silvered strip 3 will move with respect to the image 
strictly along the plane of the screen,and the edges of the strip will then serve as sights in carrying out the 
required measurements, 


The light which falls from the eyepiece onto the mirror sight and is received by the observer's eye is not 
reflected sideways, The sight's apparent brightness can be changed, therefore, by varying the illumination 
of screen 4 which is reflected by the sight (the mirror surface of the screen) into the observer's eye, 


The special advantage of this version is the complete exclusion of any parallactic displacement of the sight 
with respect to the image, 


Expression (1) also holds for this version, 
Any of the above versions of the device are suitable for both microscopic and telescopic optical instruments, 


Comparison with normal measuring methods by means of sighting, Measurements by means of sighting 
in the field of vision of optical instruments are made in the main by two methods: 





by displacing the instrument itself and measuring its linear or angular movement on a scale placed outside 
the instrument; 


by displacing a graticule or marker in the focal plane of the eyepiece by means of a micrometer screw, 


In the first instance the accuracy is mainly affected by the scale errors and the wobble or backlash of the 
instrument with respect to the scale. 


in the second instance mainly by the errors of the micrometer and itsscale whose effect increases with the 
rise in the magnification of the eyepiece, 


In both instances the measurement accuracy is affected by the defective finish of the sight (line or marker) 
and the diffraction fringes near the edges of the sight seen by the eye,especially during sighting, a phenomenon 
which is inevitable when the sight is observed under magnification with a narrow beam of light proceeding from 
the objective in the case of a microscope and, in many instances, a telescope as well, 


In all cases when the sight is in the focal plane of the eyepiece, the diffraction fringes distort the sight 
contour and interact with thefringes around thecontour of the object,thus making the evaluation of the sight 
position inaccurate during measurements, The degree of this vagueness determines the quality of the measuring 
instrument as resolution determines the quality of optical instruments, 


A detrimental part is also played by the usual sharp contrast between the black line of the sight and the 
practically grey object, 


If the diffraction fringes around the edges of the sight and the object had the same spacing between their 
maxima, the error of sighting in general would approach in its value the resolution of the instrument in question, 
In fact, however, the error of sighting the contour of the object, although large, is considerably smaller than the 
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resolution of the instrument (but not smaller than 1/3 to 1/4 of this value), which is probably due to the fact 
that the diffraction fringes of the object and the sight usually differ (in intensity and spacing), — 


Thus, for instance, in a microscope with an objective whose aperture ratio is A = 0.65, its resolution €, 
according to the well-known formula € = 0,61 A/A, is equal to 0,54 p (for A = 0,58 ),and the total root-mean- 
square error of measurementmade in the field of vision of an eyepiece micrometer with a magnification of 15 


(under optimum conditions of 500 X) is approximately equal to 0,17 yu, i.e., 1/3 of the maximum resolution, 
Hence, the error of the lighting proper should be even smaller, 


The optically independent measuring device provides: 
the elimination of the effect of errors in such elements as the micrometer, the scale, etc; 


the freeing of the visible contour of the sight (thread, line, etc.) from the defects observed by the eye, 


including the diffraction fringes, thus making it possible to use, to a considerable extent, the high resolution 
of the human eye during sighting; 


the possibility of “penetrating" by the edge of the sight into the diffraction pattern of the object contour 
without distorting it in the least, thus making it possible to sight straight by the central line (central region) 
of the Airy disks which determine the contour of the image, working at the same time under optimum conditions 
and using only the maximum resolution of the instrument's optical system; the reduction of the total error of 
measurement in the field of vision of the optical instrument comes to ~ 1/20 of the maximum resolution, whereas 
none of the existing instruments provide an error less than 1/3 of the instrument resolution, 


CONCLUSIONS 


This optically independent measuring device provides optical measurements of small dimensions or 
differences in dimensions by the sighting method with an accuracy exceeding several times that attained in the 
normal methods of sighting measurements, 


The suggested construction of a special screen with a mirror sight will probably raise the accuracy of 
measurements when the image is projected onto that screen, 
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ESSAYS AND REVIEWS 


INTERFERENCE METHODS FOR MEASURING SURFACE ROUGHNESS®* 


G. Trumpold 


(German Democratic Republic) 


The checking of surfaces with a degree of roughness below 1 y is mostly done by means of interference 
methods, Until recently these methods were only used for laboratory measurements, Only in recent years have 
interference methods been widely introduced in checking surfaces under workshop conditions, 


In the main the operating instruments are based on the interference obtained from the passage of light 
through transparent wedges (glass, air, etc,), The difference in the optical path of light inside the wedge depends 
on its thickness, and hence, the interference fringes characterize the height or thickness of the wedge in a given 
place, The difference in the height of the wedge corresponding to the width of one fringe is equal to the length 


of ahalf-wave A/2 of the light employed for testing, This quantity has recently acquired the name of a linear 
scale denoted by L,, 


All the known interference methods and means of measuring surface roughness differ mainly by the method 
of dividing the light beam required for producing interference, The best-known methods are the following: 
Linnik’s method of dividing the beam between the objective and the eyepiece (Fig. 1a), Krug-Lau’s method of 
dividing the beam between the objective and the object (Fig, 1b) and Roule’s method, improved by Tolanskii, 
of separating the rays by means of an actual wedge, the so-called multiple interference method (Fig, 1c), 


The first two schematics represent in fact diagrams of microscopes working in reflected light in combina- 
tion with a Michelson interferometer, the so-called double-beam interference method, 


The objectives in Linnik's instruments require high precision in the thickness of their components, which 


is especially important for objectives with a high aperture ratio, since it is necessary to preserve the same optical 
path for both the light beams, 


Microinterferometers of this system can employ objectives with the shortest working distance, i,e,, with 
the largest aperture, Hence, Linnik’s microscope provides a complete utilization of the available magnification 
for resolving the interference pattern along the fringes, 


In the Krug-Lau method only one objective is required, The advantage of the method ‘consists of the fact 
that the objective, contrary to Linnik’s method,does not take part in the formation of interference, 


The small-aperture objectives used in the Krug-Lau instruments do not require correction for the thickness 
of their components including the cube, An interference attachment for normal measuring microscopes could 
therefore be constructed and used for conveniently checking the finish of surfaces, 


Such an attachment (Fig, 2) eombined with an appropriate source of light provides a very good image 
in double-beam interference methods, thus extending the application of microscopes, The light from the source 
passes through condenser 1 and a complex glass light filter 2, to the splitting cube 3, One of the light beams 





* From a report by H. Trumpold D, Sc, (Eng) (Higher Technical School, Karl-Marxstadt, GDR) read at the Bauman 
port by po g 8 


Moscow Higher Technical School. The report was arranged for publication in Measurement Techniques by 
O. Ya, Egor'-v. 
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is deflected downwards to mirror 8 and onto the 
surface of the object 4 under observation, and is 
again reflected from the latter to cube 3, The 
other beam strikes the comparison surface 5 and 
is reflected also to cube 3, in which both beams 
are reunited and produce interference, The inter- 
ference pattern is projected by objective 7 to the 
microscope eyepiece, The imaginary wedge is 
formed by the relative (or sometimes called 
reference). plane, not shown on the drawing, and 
the surface under observation, The direction, 
width and contrastof the fringes are controlled 
Fig, 1, Theoretical diagrams for obtaining by tripping and displacing the comparison surface 
interference, by means of three adjusting screws 6, Mirror 8 is 
fixed in the lower part of the attachment and can 
be displaced vertically together with the connecting 
tube, 





This attachment is designed for measuring the roughness of the internal surfaces of holes up to 15 mm deep 
and over 5 mm in diameter, The attachment can be used, however, for checking external surfaces by removing 
the extension tube with the holder and mirror 8, 


The attachment is fixed either to the objective holder,by means of a fixing nut or to the microscope stand, 
The magnification provided by the attachment is sufficient for all practical purposes, since with an aperture of 
A = 0,2 it is easy to detect defects some 1,25 » wide, In order to be able to evaluate better the size of surface 
defects, the so-called useless magnification is used to a certain extent in microscopes, 


Until recently the roughness of mainly the internal surfaces of small holes was measured by means of 
imprints (or replicas) on films or lacquer, Above attachment provides much speedier and more convenient 
measurement, 


The Krug-Lau method becomes more advantageous when objectives with a medium magnification are used, 
and when it is particularly important to have a wide field of vision, The only requirement of a microscope for 
the use of this attachment is robustness in order to prevent vibrations affecting the accuracy of measurements, 


At present an attachment for checking internal surfaces of holes with a smaller diameter than 5 mm is 
being developed, Since the method of measurement is very simple, even moderately qualified personnel can 
operate microscopes with this attachment, 


When components made of plastic or glass are being investigated, a less reflecting comparison surface 
should be used, In above attachment this can be easily accomplished by changing the present mirror for one 
with a less reflecting surface, 


Several instruments have also been developed according to the Roule method by the national K, Zeiss, 
plant of Jena, which produces a portable instrument (table type) with a total magnification of 136 and a rack- 
mounted instrument with a variable magnification between 70 and 340, 


The first instrument is only suitable for measuring the roughness of convex surfaces; the second can also 
measure flat surfaces, The defect of these instruments consists in laying the comparison surface (special mirror) 
on top of the surface under test during measurement, Although the comparison surfaces are made to be especially 
robust,sthey become covered in time with scratches,and the interference pattern becomes considerably less distinct, 
The second important defect of these instruments, which logically follows from the first one, is that the displace- 
ment of the component under test is only possible when the comparison mirror is removed, since otherwise it would 
be subjected to considerable wear, Thus, a continuous checking of the surface during manufacture is excluded, 
contrary to the control method based on double-beam interference, In the latter instance the superposition of the 
comparison surface on the object is not required, 


Krug has also established that,owing to the participation in the interference of several beams coming from 
different parts of the surface,a certain integration of the surface takes place,and the height of irregularities is 
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Fig, 3, Fringes obtained by means of the double-beam interference 
method (a, b) and equal density lines obtained from them (c, d), 


distorted, i,e., their profile is reduced, This applies particularly to spherical surfaces which automatically form 
an air wedge with a uniformly changing angle, 


The range of roughness measured by the interference method depends to a great extent on the character 
of the measured surface, For highly polished or lapped surfaces the upper limit which it is possible to measure 
amounts to some 0,8 4, With larger values of dents and crests and the presence of scratches close to each other, 
the defects run into each other, and it becomes difficult to determine the character of the interference fringes, 
Slightly better results can be obtained with white light, since,owing to the different wavelengths contained in a 
white beam,only one or two dark fringes are formed,and theremaining fringes away from the central ones have 
tinted edges, Any defect on the surface crosses these dark fringes and can be easily noticed, 


The lower roughness limit measureable by means of the double-beam interference method is 0,03 yp, This 
value corresponds approximately to a deviation of the fringe by 0,1 of its width and can be evaluated without 
difficulty, When fringe deviations are measured from a slightly enlarged photograph it becomes possible to 
determine deviations corresponding to irregularities of 0,015 4. The measurement error must not, of course, 
exceed that order of values, 


In practice different surfaces are often compared,or a surface is compared with its photograph, In such 
cases, it is possible to discover effects and variations in the finish of the surface of an lower order than the 
above limit, 
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Possibilities of extending the range of application 
of the interference method for measuring surface roughness, 
The well-known disadvantage of the double-beam in- 
terference method of measurement as compared with the 
multibeam method is the greater width of the interference 
fringes, which produce blurred edges,making shallow 
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Mirror lines difficult to distinguish, In such cases the method 
DIVIIVITITITISISITT) — 777 of equal density curves is used, a method which consists 
a 


in a special treatinent of the interference pattern photo- 
graph obtained by means of a microinterferometer, As 
the result of this treatment narrow curves of equal density, 
the so-called equidensity lines, are obtained, According 
method, to the data obtained, both theoretically and practically 

by Krug and Lau, the unsensitized film of the Agfa-Printon 
type, specially designed for contact priating of lined 

and raster negatives, is best for obtaining equidensity 


Fig. 4. Diagram for obtaining an inter- 
ference pattern of a rough surface, a) 
by means of immersion; b) by Zehender's 





——— 
ee ee, lines, It is recommended to develop the film with a con- 
a sen trast developer of type Agfa-75, which consists of: 25 g 
LOD 


AS of hydroquinone, 40 g of sodium sulfide, 110 g of tripo- 
Se tassium phosphate, 5 g of citric acid and 3 g of potassium 
a bromide, The duration of development by means of this 


developer lasts some 3 min, 





ee, Se 
a The process of obtaining equidensity lines consists 
a Pr EE a of the following: film copy (or replica) of the surface 
ee interference pattern negative is obtained by contact or 
4 projection printing, If the copy has a sufficiently pro- 
Ts nounced contrast (if it has not, another copy must be 
sums Mnnnsmemenememnmemeenen taken), a copy of this copy will become the equidensity 
| ape eeceemeeiene ea oem line print, The second copy is first developed for about 
A one minute, and then after careful washing it is placed 
b in a dish of water, When all the splashing and fluctua- 


Fig, 5. Difference in the size tions on the surface of the water have stopped, the film 
of fringe deviations with immer- is exposed a second time, It is as yet impossible to 
sion, a) Without immersion, indicate the duration accurately of the second exposure, 
the medium is air; b) with since it depends on the illumination of the film. Nor- 


mally the exposure lasts 2-3 min or more, Once an 
optimum time is established, it becomes possible rapidly 
to investigate 3 to 5 photographs, After the additional 


eucalyptus oil immersion, 


exposure the prints are finally developed for 2 minutes, The thick fringes seen on the first negative of the inter- 
ference pattern are reduced to two equal intensity lines which are formed at the edges of the black fringes, If the 
equidensity Jines are not seen sufficiently clearly on the general background of the print, it is recommended 

to treat the film with a normal clearing agent, It is easier to evaluate the interference pattern by the narrow 
equidensity lines when the defects are very shallow, Krug proved that the equidensity lines provide better 
information on the surface condition than the multibeam interference method. It should be noted that the linear 
scale is equal to the spacing between three equidensity lines, which is equivalent to the spacing of two fringes 

in the double-beam interference pattern, Fig, 3 shows several interference prints with equidensity lines, It will 
be seen that the differencesinthe depth of roughness are more clearly distinguishable here than on the original 
prints with the wide fringes, Tests have shown that if the equidensity lines are examined by means of measuring 
microscopes, the error of measurement becomes equal to +0,01y. 


Since the deviation of the fringes in the interference patt2ra depends,in addition to the depth of roughness, 
also on the wavelength of the light used in testing, it is possible to improve sensitivity by other means as well, 
In this connection the phenomenon of the wavelength depending on the refractive index of any transparent medium 
is utilized, If we denote by A» the light wavelength in air, then, in any other medium with a refractive index 
Nyy the wavelength will be A = Ao/n_. 
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Fig, 6. Interference patterns of surfaces obtained by the Zehender method 
and by means of a feeler probe, a, d) Oil immersion; b, €) water immersion; 
c, f) in air, without immersion, 


If an object has a dent of a depth R, (Fig, 4a) and if a transparent medium, for instance, water or oil, is placed 
above it, there will be a difference A = 2Rqn,, in the optical path of light beams 1 and 2 reflected from the 
sample, The path difference 4 produces a displacement of one of the light beams, with respect to the other, which 
is reflected from the comparison surface (the mirror), equal to SA». In the interference pattern there appears 
a displacement of fringes which characterizes the dent R, and is equal to S = 2R;n,,/Ag of a fringe width,, The 
spacing of two fringes is equal to the linear scale when S= 1, Hence, 


ho 


L.= . 
2nm 





For measurements in air,i.e., when n,, #1 the linear scale equals Ag/2, If water or oil immersion isused with a 
refractive index n,,, > 1 the linear scale becomes 1/n,, of that in air, If the checked surface is covered with 
an oil immersion which has a refractive index of np, ™ 1.5, the deviation of the fringes will be for the same 
defect depth 50% larger than for measurements in air, Fig, 5 clearly shows this effect, For the optical path 
difference not to be affected by the irregularities of the top immersion surface, the latter should be made as 
flat as possible, This is achieved by placing a covering glass over the immersion, Owing to the different 
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different optical paths of glass, air, and water, the contrast of the fringes will of course suffer unless a com- 
pensating glass plate of the same thickness as the covering glass is placed in the path of the comparison light 
beam, 


In the case of deep irregularities,when it is impossible by the ordinary method to trace the nature of the 
fringe deviations, it is possible to reduce the sensitivity of the interference method, Zehender has developed 
a method by means of which, in conjunction with the replica method, it becomes possible to measure irregularities 
up to a depth of approximately 30, For this purpose a replica is taken of the surface under test (Fig, 4b) and 
examined under a microscope on the background of a mirror surface (or comparison surface) with the imprint 
of the irregularities facing upwards, If the medium (air orimmersion) between the film and the surface of the 
mirror has a refractive index of np, and the film itself an index of ng, the optical path difference between beams 
1 and 2 reflected in the direction of the objective will be 


4=2Ring —2Rity ==2R; (nf ~My): 


The deviation of the interference fringes due to a dent with a depth R, is equal to S = 2 Ry (ag Mm) 





Ao 
of a fringe width, Comparing this with the normal interference pattern for Ls = A9/2 and S = 1, it appears that, in 
the above instance,the linear scale is equal to Ls = “yea The quantity n¢-n,,,with an appropriate choice 
f~ "m 


of a film and immersion,can be made very small, For Zehender's method the linear scale will be a multiple 


1 

of the fraction~ as compared with the direct measurement of roughness in air, If, for instance, the film 
So. 

with the imprint has a refractive index of ng = 1.5, and for immersion water is used with a refractive index of 


Nyy = 1.33, the linear scale will be equal approximately to L, = 5,9 A,/2, For a spectrum segment of a mercury 
lamp with a wavelength of A = 548 my, the deviation of the fringes by the width of one fringe (i.e., by S = 1) 
will correspond to an irregularity 1.6 » deep, If the depth of focus of the objective in question is large, it is 
possible by this method to measure irregularities up to some 30 y, 


Figure 6 shows several interference pattern prints which were obtained in combination with the Zehender 
method, The top right-hand side of the figure shows a microprofile diagram of a polished surface with irregularities 
approximately up to 11 y,taken by means of a feeler instrument of the Teilisurf type, Below it are prints made 
by the Zehender method in air, water, and oil media, The left-hand side of the figure shows a microprofile diagram 
of a glass reference surface supplied with the Teilisurf instrument and calibrated in irregularities with a depth of 
R, = 2.9 yt, and prints of this surface taken in air, water, and oil media, 


The application of Zehender*’s method requires a certain amount of experience, and in order to overcome 
this difficulty, its technique is explained below, 


The film used in this method must be strictly plane-parallel, since various irregularities and defects of the 
film surface affect the interference pattern imprint, It is also necessary to make the imprint reproduce the 
roughness of the surface under test without appreciable distortions, Many films have a 20% defective surface, 

A cellon film, with its negligibly small surface defects, is best for obtaining prints, It should also be noted that, 
with large irregularities, it is often impossible to avoid indentations (deformations) of the upper surface of the 
film, In such cases its flatness is ensured by placing over it a thin layer of an immersion liquid with approximately 
the same refractive index as the film, This film is then covered, as has already been stated, by a thin glass 
plate, Next the surface under test is wetted by a few drops of a special substance which dissolves the film 
emulsion (to a small extent), and then the film is gently pressed against the surface, Under the action of the 
solvent, the film softens and assumes the shape of the surface under test, In a few minutes’time the film is lifted 
from the surface and dried between two sheets of blotting paper, thus producing a replica, Care should be taken 
that in this operation the dissolving substance does not get onto the top surface of the film; otherwise this surface 
may also become strained, This requiresof course,a certain experience, For instance, it is possible to press 
gently against the top surface during measurements a thin metal plate with a centrally placed hole of a diameter 
equal to that of the field of vision, The surface of an end gauge can be used as a comparison surface (mirror), 
but in order to protect it from the chemical reaction of the immersion liquid,it should be covered with a thin 
layer of chromium, 
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The errors of the method are due not only to those of the imprint, but also the error of determining 
the difference in the refractive indexes of the film and the medium, i.e,, in 5 (n¢-n,,). The error in deter- 
mining the linear scale is 


— ae 
ols -« 2 ("¢ —n m” O(ng —"n ). 


For instance, when n¢~- ny, = 0,17 (water and film) and 6 (M¢- nn) = #0,02,with the corresponding linear 
scale of L, = 5,9 A,/2,the error in determining the scale is 5 L, = +0,7 A»/2, The error amounts to more than 
10% of the linear scale; thus, an accuracy of two decimal places is requiredin determining the refractive indexes 
of the media involved, especially since,with a larger linear scale the error increases considerably, 


Since Zehender's method involves considerable expenditure,it should only be used when the surface under 
test is either inaccessible for measurements by other simpler methods,or when it reflects the light in a weak 
or diffused manner, preventing the use of instruments based on light profiling of the surface, If the surface under 
test is rough as in the case, for instance, of plastics and ceramics, Zehender*s method provides a far better 
idea of the character of the surface than feeler instruments, 
CONCLUSIONS 


It is possible without incurring large expenditure, to apply under production conditions methods of inter- 
ference microscopy by means of appropriately designed instruments for checking the production of components 
with a required degree of surface finish; in the first instance in lapping operations, 


The equidensity line, immersion,and Zehender methods extend the range of roughness which can be 
measured by means of interferometer microscopes, 
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MATERIAL RECEIVED BY THE EDITORIAL BOARD 


THE ACTIVITY OF INDUSTRIAL TEST LABORATORIES 


Yu. Ya. Donde 


The exchange of opinions conducted at the present time in the journal Measurement Techniques on 
the organization and activity of industrial laboratories is of great interest and must help to form unified opinions 
on the problems facing the test laboratories and on the organization of their work, 


It seems to us that the problem under discussion should be enlarged, since any further improvement of the 
work of industrial test laboratories is closely connected with the improvement of the work of the Institutes of the 
Committee of Standards, Measures and Measuring Instruments, and of State Inspection Laboratories, in supervising 
the activity of industrial test laboratories, 


On the basis of the experience gained in the operation of the test and inspection laboratory of the Moscow 
Electrical Lamp Factory, it is pertinent to make the following observations: 


1, The part played by the factory test laboratories in the activity of the plants should be undoubtedly 
enhanced, . 


The main task of the laboratory should consist in ensuring the uniform measures, but this should not be 
their only activity. 


The majority of contributors express a correct opinion that the laboratories should take a more active part 
in introducting new measuring equipment and raising the technical qualifications of the workers, technicians, 
and engineers in the use of the measuring equipment, The latter task is unfortunately neglected by the factories, 


Complex and precision measurements which cannot be carried out under shop conditions are another 
important task of the test laboratories, For this purpose the test laboratories must possess varied and efficient 
equipment, 


2, Many contributors hold diametrically opposed points of view on the advisability of unifying all the test 
laboratories of a factory in a single test laboratory. 


The experience gained by the Moscow Electrical Lamp Factory over many years point to the advisability 
of such a unification, 


With the existence of a single laboratory it is much easier to enforce a standard procedure in the use of 
instruments and maintenance of uniform measures, Relations with the shops are simplified, since the shops have 
to deal, with respect to all problems in the sphere of measurements and measuring instrumentswith a single 
department of the plant, There arise greater opportunities for combined specialization, learning related trades 
and professions, i,e,, 4 more rational utilization of the inspection personnel,and especially mechanics, technicians, 
and engineers, 


It is advisable to make the head of such a unified laboratory responsible for the uniformity of all types 
of measurements in the plant, 


A unified test laboratory of a large establishment can consist of the following departments: the radio- 
technical, electrical, thermal, mechanical, linear and angle-measuring, and mass-measuring departments, and a 
repair shop. 
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Above structure is, of course, only tentative, In the event of a small work volume, or other conditions, 
some of the departments can be merged or abolished, and new departments established, 


The problem to whom the laboratories should be subordinated, in our opinion, is not essential, It should 
be decided on the merits of each case, 


3, In order to strengthen the role played by the test laboratories in supervising gauges and templets, it is 
advisable in large factories where many gauges are used,to concentrate all the work of designing gauges in the 
test laboratories, This measure will ensure greater efficiency, and an easier exchange of obsolete gauges for new 
and more productive ones, Uniform requirements with respect to gauges will thus be ensured, Side by side with 
the design of complex gauges, the problem of the means and methods of their testing will also be solved on the 
basis of the facilities existing in the laboratory, etc, 


4, The Institutes of the Committee of Standards, Measures, and Measuring Instruments and the State Inspection 
Laboratories must radically reorganize their supervision of industrial test laboratories, At present the entire 
supervision of the VNIIK, for instance, amounts to a half-yearly inspection in various branches of measurements, 
Instruction conferences, and especially the exchange of experience between industrial laboratory personnel, should 


be organized regularly, and seminars both of a general character and for specialized spheresof measurements should 
be run permanently, etc, 


The nature of general inspections should be completely changed, dispensing with any red tape which un- 
fortunately is still widespread, The main task of general inspections should be a thorough, all-round analysis 
of the work in industrial laboratories, the study of their experience, dissemination of the experience accumulated 
by other establishments, and the acquaintanceof the establishment under inspection with the work of interest to it 
carried out by the instrument-making plants, institutes,and other industrial laboratories, 


5. Considerable assistance should be rendered to the industrial laboratories in acquiring improved test 
equipment, Large factories are sometimes able to make their own test equipment, but it is beyond the scope of 


small plants, Moreover, the cost of individually made equipment is much higher than of the equipment made in 
specialized establishments, 


6, It is obvious that even large plants need not repair the whole of their own test equipment, Thus, for 
instance, it is not always advisable to have in the factories mechanic- adjusters of optical instruments, mechanics 
for the repair of flow-measuring instruments,and some of the other specialists, 


It is necessary to organize in large industrial centers, instead of the small repair organizations, which 
service individual establishments, large specialized repair organizations which could repair all the instruments 
and gauges which it is either uneconomical or impossible to repair in the plants, owing to the lack of appropriate 
equipment or specialized personnel, It is desirable to have in each large industrial center one such organization 
which would ensure the repair of all the measuring instruments from radiotechnical to mechanical, Similar 
functions are performed by the base test laboratories now being organized by the Councils of National Economy. 


Such organizations should not only work according to a prearranged plan, but should also when necessary 
organize repairs on the spot, At present the repair organizations unfortunately carry out repairs on the spot very 
unwillingly. 


Such organizations should be obliged to advise establishments on the repair of complex instruments, 


Perhaps in order to ensure uniform methods in dealing with the instrument inspection and repairs, such 
organizations should be subordinated to the Committee's Institutes orState Inspection Laboratories, 


7, It is necessary to introduce a category of measuring-instrument and equipment testers inthe qualifications 
and rates manuals, In these manuals qualifications for testers of various categories should be clearly specified, 


8, The Committee's Institutes and State Inspection Laboratories should regularly inform the industrial 
test laboratories subordinated to them of the latest available measuring instruments and other measuring 
equipment, It is also necessary to inform in time all the industrial test laboratories of the approval of any 
new types of instruments even if they are not yet being manufactured at the time, The journal Measurement 
Techniques should pay greater attention to such information, 
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Without the solution of all these problems, it is idle to talk about the introduction of modern measurement 
techniques and up-to-date methods of measurement in the factories, 


READERS* LETTERS ON THE ACTIVITY OF INDUSTRIAL LABORATORIES 


In connection with the administrative reorganization of industry and construction, the importance of 
factory and base test laboratories is increasing, and their operation under the control of the Councils of National 
Economy has become considerably more economical and efficient. 


Therefore the interest displayed by the readers in the articles dealing with the activity of industrial 
laboratories and their comments on the subject are quite understandable, 


The head of a test laboratory M, F, Kolosova (Melitopol') does not agree with that part of K, N., Katsman's® 
article where he says that the basic task of a test laboratory in plants is not the maintenance of uniform measures 
and not even the supervision of the measuring equipment, but the ensuring of the accuracy of the technical 
test results and methods of qualitative evaluations of physical quantities in production both by means of studying 
them on the spot and by means of sufficiently accurate, reliable and productive means and methods of measure- 
ment, and that inspection should be included in this activity as an important but secondary function, 


It is difficult, writes M. F, Kolosova, to fulfill the tasks set by K, N, Katsman without maintaning uniform 
measures and inspection in the plant, In our plant the uniformity of measures is strictly preserved, especially 
with respect to linear and angle measurements, and the routine of periodic inspection of measuring instruments 
and devices is also maintained, Set gauges are always checked after operation and smeared in paraffin oil, 


Our test laboratory is taking an active part in assimilating new products, namely the engine of the 
miniature automobile “Zaporozhets", Every single parts was measured in the laboratory before assembly, 
Could this work have been carried out without proper inspection? Three years ago our laboratory acquired 
the rightto carry out State inspection of our measuring equipment, but this does not prevent us from carrying 
out other work connected with measurements and inspection, 


In our plant the head of the Technical Control Division is responsible for linear and end gauges, instruments 
and gauges for measuring sizes, angles, instruments for checking flatness and roughness of surfaces; the chief 
metallurgist is responsible for instruments for measuring the density of liquids, determining moisture, the tem- 
perature of igniting liquids, instruments and machines for testing the mechanical properties of metals, instru- 
ments for analyzing the composition of metals by optical means, instruments for investigating materials; the 
chief power engineer for instruments measuring temperature, the quantity of heat, pressure, and rarefaction, and 
electrical measuring instruments; and the chief mechanical engineer for instruments measuring effort, accelera- 
tion, angular velocities, scales and weights,and measures of volume, All these people are also responsible for 
the condition of the measuring equipment in their own departments, They are all subordinated to the chief 
engineer, It is therefore incorrect to subordinate the test laboratory to the chief technologist, since,in many 
caseyhe is not in a_ position to enforce the timely submission of gauges and instruments for checking in the 
same way as the chief of the Technical Control Division is able to do, There were instances in our plant when 
the workers of one of the shops did not submit their gauges in time for inspection, The head of the Technical 
Control Division ordered his inspectors not to accept the finished articles for inspection, Following this incident 
(the gauges were immediately submitted for inspection) the gauges were always submitted for inspection on time, 


M. F. Kolosova considers it expedient to subordinate all the factory laboratories to one person, the chief 
of the central factory laboratory, charging him with the responsibility for the condition and uniformity of all 
the measures in the plant, The chief of the factory laboratory must be subordinated directly to the chief engineer, 


*See Measurement Techniques No, 4 (1959), 
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M. F, Koiosova draws attention to the necessity of creating favorable conditions for the operations of the 
laboratories, 


Katsman's article and the subsequent response to it, writes E. B, Ments, engineer of the Lyuberetsy General 
Engineering Plant, has aroused a legitimate interest, A useful and necessary discussion was thus originated on 
the problems of the further improvement of the work of industrial test laboratories, It is, however, impossible 
to agree with Katsman's basic propositions, 


E, B, Ments considers that the comrades who propose unifying all the laboratories into a single Central 
Test Laboratory are profoundly wrong, It isnot a case of unifying administrative directing establishments, 
where by this means it is possible to simplify the structure and improve the apparatus, How, for instance, is it 
possible to “unify® the work of a chemical laboratory with a laboratory for linear and angle measurements? 
A metrologist and chemist, an electri€al and combustion engineer,each in his sphere, must promote production, 
helpresolve the outstanding problems and find means to raise the output, 


Neither is K, N, Katsman correct in asserting that the inspection of the measuring equipment is only a 
subordinate function of the Central Test Laboratories, If supervision of the measuring equipment and hence, the 
maintenance of interchangeability, were considered subordinate, according to K. N, Katsman's advice, our 
factories would start producing in 2-3 months‘ time avowedly defective equipment, 


Obviously, inspection of the means of production and measurement, and a further improvement of the theory 
and practice of interchangibility, are badly needed technological requirements of production. The newly 
issued regulations 12-58, concludes E, B, Ments, smash the erroneous representation of the measuring equipment 
inspection as a secondary function, 


Many readers pay principal attention to the organization of the base test laboratories, 


Chief Engineer of the Lugansk State Inspection Laboratory, P. N, Stebelev, notes the obvious desirability 
of establishing base laboratories in the course of the administrative reorganization of industry and construction, 
but considers that they should be organized on a territorial basis, rather than according to the tyees of 
measurements, Such an organization is advocated because the separation of laboratories according to the types 
of their measurements would require the transportation of the equipment,thus incurring additional expenditure, 
possible damage to instruments,and inconvenience to the establishments, 


This is the reason why, on recommendation of the State Inspection Laboratory, the Lugansk Council of 
National Economy is establishing all-inclusive base laboratories in large industrial establishments of the region 
which have well-organized inspection and repair agencies for the basic types of measurements (linear, angle, 
thermal, mechanical and electrical), These base laboratories have to repair and check instruments of the es- 
tablishments assigned to them on a territoral basis,independently of the branch of industry they belong to, 


P, N, Stebelev considers that a general regulation on base laboratories should be issued and should specify 
their rights and duties, and provide that the laboratories should be responsible for the state of the measuring 
equipment of the establishments they service, and should direct the work of the factory inspection agencies. 


It is also necessary, in his opinion, to provide a material incentive for the workers in the base laboratories, 
making their wages higher than those of the personnel of industrial laboratories and control and measuring- 
instrument shops, 


P, N, Stebelev notes in his lette. that the Lugansk Council of National Economy is not adopting the required 
measures for providing the base laboratories with qualified personnel, premises, reference instruments, spare 
parts, etc, 


The chief engineer of the base laboratory "Uzbekénergo", N. N. Kalashnikov, writes about serious 
difficulties of an organizational nature experienced bythe newly formed base laboratory, Thus, the unspecified 
pricing of inspection work and the lack of recommendations on fixed charges hinder the operation of the 
laboratory. In this connection N, N, Kalashnikov expresses a desire for the Committee of Standards, Measures 
and Measuring Instruments to issue, on the basis of the experience gained in the operation of base laboratories, 
a manual of recommendations on the main problems of their operation. 


The author notes the unsatisfactory condition of the repairs of measuring instruments, considerable difficulties 
in the supply of spare parts, the lack of uniform prices for repairs, high cost of repairs which sometimes exceed 
the price of new instruments, 
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In N, N, Kalashnikov's opinion it is advisable to issue a single repairs price list. abolishing the old 
departmental catalogues, 


M, B, Danchenko, head of the base test laboratory for linear and angle measurements of the *Strommashina*® 
Plant (Andizhan),writes that his base laboratory, which has been in existence over one year, services seven 
factories of the Council of National Economy, On the basis of an inventory of measuring equipment obtained 
from the factories, the base laboratory compiled schedules for periodic and compulsory tests in agreement with the 
factories,and approved by State Inspection Laboratory. 


Contracts were signed for the repair and checking of instruments in the factories, This work was normally 
carried out in the factories, if the amount of gauges was small; however, they were sent for repairs to the Base 
Test Laboratory. 


At present, however, the Base Test Laboratory has decided to alter the procedure, The Base Laboratory 
has trained inspectors and mechanics of the plants it services and has now granted them the right to repair and 
test periodically the measuring equipment at the plants where they are normally employed; if there is not 
enough work of this type for them to do the inspectors and mechanics are provided with other work, 


The Base Laboratory,on the other hand, carries out the compulsory tests at the plants,and repairs and adjusts 
equipment which the plants cannot service by their own means, and advises the establishments on measuring 
equipment and measurement problems, 


Moreover, the Base Laboratory carries out,on instructions of the Council of National Economy and in 
conjunction with the State Inspection Laboratory, general inspections of the measuring equipment and the quality 
of production in plants, On the basis of these general inspections the Council of National Economy adopts 
the required measures, 


M, B, Danchenko notes that up to the present the problems of unifying all measurements in a single 
test laboratory and subordinating the Base Laboratories to the chief engineer of the plant have not yet been 
solved,and reports considerable difficulties which arise due to the lack of the required guiding information on 
the work of the Base Laboratories,and to the insufficient attention paid by the Councils of National Economy 
and the State Inspection Laboratories to the work of the Base Laboratories, 


Editorial Note, The readers" letters and Yu, Ya, Donde’s article show with sufficient clarity that the prop- 
lem of the operation of industrial laboratories is exceptionally pressing, The difficulties in the work of the labora- 
tories, especially base laboratories, noted in the contributions, are due to a certain extentto the lack of guiding 
information, and the important reorganization of measuring equipment inspection in connection with the introduction 
of the Committee's regulations 12-58, 


It will be seen from the contributors’ letters that serious organizational difficulties exist in the work 
of the laboratories: the uncertainty of the price chargeable for repairing measuring instruments, disputed 
problems on the subordination of the laboratories, on the advisability of combining all the measuring equipment 
in a single test laboratory, on the establishment of base laboratories on a ‘territorial basis, or separately for 
various spheres of measurement, etc, 


In this respect the main attention should be paid to the economic side of the problem, i.e,, to making the 
measurement equipment inspection organization as economical and as efficient as possible, 
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SUPPLEMENTING INSTRUCTION 130-56 


S. I. Izotov 


Instruction 130-56 for checking examining instruments should be supplemented by the description of the 


autocollimation method of checking, This method has been tested out in the linear and angle measurements 
laboratory of the All-Union Scientific Research Institute of Metrology with satisfactory results with respect to 
accuracy, The test results show the advantages of the autocollimation method as compared with those cited 
in instruction 130-56, 
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INFORMATION 


FRENCH MEASUREMENTS EXHIBITION IN MOSCOW 


The French Measurements Exhibition, organized with the assistance of the All-Union Chamber of 
Commerce in the premises of the Polytechnic Museum in Moscow, will be held from March 22 to April 3, 1960, 


The Exhibition will present the latest achievements of the French instrument- making industry in various 
spheres of measurements (including measurements in electronics,nuclear physics, chemistry, optics, etc,), 


France, the originator of the metric system, has a well-organized metrological service and highly 
developed instrument- making industry, Besides the factories producing instrumentsfor measuring mass, length, 
pressure, flow, temperature, there are many factories in France which produce electronic and dosimetric equip- 
ment and instruments for automatic process control, 


The latest designs of measuring instruments are shown at the scientific instruments’ exhibition organized 
annually by the French Physical Society, and at other exhibitions (chemistry, laboratory instruments, control 
and regulation, and others) which are regularly held in Paris, 


Three journals dealing with measurement techniques are published in France, 


"The Journal of Practical and Legal Metrology" ("Revue de Metrologie pratique et légale") records the 
activity of the French Metrological Service and provides descriptions of all the measures and measuring instruments 
approved by the State, The journal “Measures and industrial control” ("Mesures et controle industriel") deals 
with the theory and practice of measurements; it reserves considerable space for problems of instrument-making 
and automatic control and regulation, The journal reports on all the international developments in connection 
with measurement techniques, The third journal is entitled “Instruments and Laboratories® ("Instruments et 
laboratories"), 


The instruments intended for exhibition include: 


a) for electrical measurements: recording ammeters and voltmeters, bridges for locating damage to 
conductors, a set of shock-proof and vibration-proof measuring instruments with 250° sweep anti-parallax scales, 
highly sensitive microammeters, peak value ammeters, gaussemeters, insulation meters, precision potentiometers, 
transistorized megohmmeters, digital display electrical instruments, high-speed recording galvanometers, etc, 








b) for radiotechnical measurements: electronic instruments for measuring voltage and capacitance at 
high frequencies, automatic instruments for measuring standing wave ratios, Q-meters, standard signal generators, 
generators of millimicrosecond signals, cathode-ray oscilloscopes, wobbulators, decibel meters, quality measuring 
oscilloscopes, distortion meters, spectrum analyzers, tube analyzers, tube bridges, measuring lines, electronic 
frequency meters, recording frequency meters, scanning generators, impedance measuring instruments, etc, 


c) for measurements in nuclear physics: transistorized radioactivity indicators, rapid neutron detectors, 
portable scintillation meters, gamma-ray measuring instruments, dosimeters of various types, pulse amplifiers, 
detectors of radioactive aerosols, proportional counters, flicker detectors of rapid neutrons, 4m counters for 
absolute measurements, coincidence and anti-coincidence selectors, gammaspectrometers, gamma-spectrographs, 
pulse counters, etc, 





In addition many new instruments for other types of measurements will also be exhibited (density meters, 
electrical thermometers, reference manometers, sound intensity meters, spectrophotometers, automatically 
recording photometers, photocell luxmeters, tachometers, electronic flow meters, quartz spectrographs, tele- 
meteographs, etc,), 


French specialists will read several papers on measurement techniques and instrument-making, 
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INTERNATIONAL CONFERENCE OF TC-38 


OF THE INTERNATIONAL ELECTROTECHNICAL COMMISSION 


M. A. Bykov 


An international conference on “Instrument Transformers® was held in London on October 20-23, 1959 by 
Technical Committee 38 of the International Electrotechnical Commission, 


The conference was attended by 27 delegates from Austria, Britain, Belgium, Holland, Denmark, Italy, 
USSR, USA, Switzerland and other countries, 


The conference discussed drafts for standard international specifications of current transformers intended 
for measuring purposes,and for supplying electrical safety devices (relays), 


The conference established the basic principles and procedures for standardization with respect to overloading 
and the corresponding methods of experimental control (tests) of current transformers, It was decided to 
standardize the current transformers intended for safety devices (current overload) by the value of the so-called 
composite error due to the overloading effect, an error which for small overloads is equal to the modulus of the 
vector difference of the primary and secondary currents multiplied by the nominal transformation ratio, expressed 
in percentage of the primary current, When overloading increases and higher harmonics appear in the difference 
current, calculations are based on the effective value of the total current, This method of standardization, in 
the opinion of the majority of delegates,corresponds to the most frequent and important conditions for application 
of such transformers in various differential safety circuits, According to this classification two grades of trans- 
formers were established (SP and 10P)whose composite error amounts to 5 and 10%, respectively, for the stated 
value of their multiplying coefficient ("current overload factor? representing the ratio of the maximum to the 
nominal current and made equal to 5, 10, 15, 20, or 30), At their nominal current these transformers have a 


specified transformation ratio tolerance of 1% and %%,respectively, and for the 5P transformer the angular error 
is also specified at + 60°, 


The “composite error" should be determined differentially, in comparing the transformer under test with 
a standard transformer, by measuring directly with an ammeter the effective value of the difference current 
in the secondary windings circuit of these transformers, In the case of toroidal transformers with uniformly 
distributed windings, which do not require a turns correction, it is permitted to determine the “composite error® 
by calculating it from the effective value of the open-circuit current of the transformer, 


The standardization of the overloading effect for current transformers intended for measuring instruments 
was not finally specified, Should such standardization be adopted (on which the Soviet delegation is insisting) 
it will probably be based on the measured (negative) transformation ratio error for specified current overload 
factors which will have the same values of 5, 10, 15, 20(?) (but with a formulation of “not more than... ") 
as the current overload factors specified for the safety device current transformer, 


Decisions were arrived at for many other problems of standardization of current transformers with respect 
to heating and loading and the dielectric strength of the insulation (including testing with the secondary winding 


open-circuited and with a voltage induced from the primary amounting to a peak value of 3,5 kv, and other 
decisions), 


The Soviet delegate objected to some of the decisions,pointing to their rather limited nature and to the 
insufficient generality in the corresponding requirements and standards, 
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As the result of the work of the London Conference and the preliminary discussions of the questions by the 
national committees in 1958/59 sufficient agreement was reached on almost all the questions discussed at the 
conference to enable the secretariat of Technical Committee 38 to compile final drafts of general recommen- 
dations for current transformers of both types, The drafts will be dispatched to the national committees of the 
member-states for voting on them, If the voting results are satisfactory,the draft will become effective as an 
operating international standardization document,thus facilitating the international trading, scientific and 
technical relations in this sphere of the electrical measuring instruments and in related areas, 


Despite some large divergences inthe points of view and approaches of different delegations to various 
standardization problems, the conference was a good example of fruitful international cooperation in the sphere 
of technology. 
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COMMITTEE OF STANDARDS, MEASURES 
AND MEASURING INSTRUMENTS 


MEASURES TO RAISE THE ACCURACY 
OF OIL PRODUCTS VISCOSITY MEASUREMENTS 


The Committee of Standards, Measures and Measuring Instruments examined measures for raising the 
accuracy of oil products viscosity measurements, 


The extensive check tests carried out in 1959 and repeated checking of the capillary viscosimeters 
produced by our industry showed that these instruments in many instances do not provide consistent results with 
the accuracy required by GOST 33-53, The main reasons for the difference in the viscosimeter constants, and 
the corresponding differences in the viscosity values obtained by them, consist of: 


a) insufficient inspection of the accuracy in setting the viscosimeter constants and of the certificates 
issued by the technical control division of the plant producing the meters; 


b) insufficiently strict requirement of GOST 33-53 with respect to the constancy of temperature of the 


liquid when its viscosity is being measured,and with respect to the choice of thermometers for measuring its 
temperature, 


Another fault consists of adopting for commercial production only one type of capillary viscosimeter,whose 
design has several defects and does not meet all the requirements regarding the reproducibility of results in 
determining its constants, 


_ For an accurate measurement of viscosity it is also necessary to increase the production of thermostats 
which maintain the required temperature with a deviation not exceeding + 0,02 to 0,01°C, and of special pre- 
cision thermometers for measuring the temperature during viscosity measurements, 


As the result of discussing this problem the Committee gave the task to the D, L. Mendeleev All-Union 
Scientific Research Institute of Metrology, in conjunction with the All-Union Scientific Research Institute of the 
Oil Industry and the *Druzhnaya Gorka" plant,to make more accurate the technique of determining the viscosity 
of oil products, improve the capillary viscosimeters, find suitable calibrating liquids for checking the viscosimeters 
and to present to the Committee in the fourth quarter of 1960, on the basis of the work carried out, a draft 
for a new GOST specifying a method of determining the kinematic viscosity of oil products which would replace 
the existing GOST 33-53 specification, 


It was also found necessary to take measures for organizing the commercial production of thermostats 
which would maintain temperature within the limits of + 0,01°C and special full-immersion thermocouples 
250 mm long with graduations of 0.02°C in the temperature range of 19-21°C and with graduations of 0,1°C 
in temperature ranges of 45-55°C and 95-105°C, 


The Committee also decided to produce in 1960 a test batch of floating level viscosimeters (according to 
the requirements of instruction 265-54 for checking operational capillary viscosimeters) for umpire checking of 
the viscosity of oil products, 


175 











METHODS AND INSTRUMENTS FOR PRECISE MEASUREMENT 
OF ANGULAR VELOCITIES 


The Experts’ Council of the Committee of Standards, Measures and Measuring Instruments examined the 
P 8 HY 


scientific-reseurch metrological development of the methods and instruments for precise measurement of angular 
velocities, 


Mechanisms with shafts rotating at a speed up to 100,000 rpm are now being used in industry and for 
scientific research, For checking angular velocities there exist tachometers measuring up to 50,000 rpm; the error 
of some of them does not exceed 0,1-0,03%, whereas the accuracy requirements are constantly increasing, 


The existing checking devices cannot fully provide the required checking of present tachometers, either 
with respect to the range of angular velocities of to accuracy, The tachometer equipment so far produced by 
the *ftalon® plant is designed for checking in the range of 4,000 to 30,000 rpm with an error of 0, 1%, 


The Experts’ Council has examined the work of the D, L Mendeleev All-Union Scientific Research Institute 
of Metrology in producing a new reference tachometric device for measuring angular velocities up to 60,000 
rpm with an error not exceeding 0,01%, 


This device is driven by means of a dc shunt motor fed through a selenium rectifier, 


The individual values of angular velocities are determined by means of a standard crystal oscillator, The 
rate of alternations of the velocity measuring points is the same as in the stroboscopic *Etalon® Plant device, 
which has proved to be completely satisfactory in practice, 


The reduction gear consists of four pairs of bevelled spur pinions made of textolite thus providing smooth- 
ness of operation and minimum noise, 


Speeds up to 15,000 rpm can be checked both in a horizontal and vertical position of the tested tachometer 
spindle, Speeds above 15,000 rpm are checked in the horizontal position only. 


Tests of the installation showed that it works satisfactorily. 


The Experts’ Council of the Committee decided on the basis of its analysis and discussion that the development 
work carried out and the experimental tachometric device are of great practical value, The assigned task 
has been fulfilled on a high scientific and technical level, 


It was decided to supply the new tachometric device to the Institutes of the Committee of Standards, 
Measures and Measuring Instruments and to the Ist grade State Inspection Laboratories for Measuring Equipment, 


Commending the initiative of the All-Union Scientific Research Institute of Metrology, which developed 
the device, the Experts" Council approved the inclusion, in the Institute's plan of work, of the development 
of atachometric device measuring up to 150,000 rpm, since it is of value to the modern engineering and 
instrument-making industries, 


NEW SPECIFICATIONS FOR MEASURES AND MEASURING INSTRUMENTS 
APPROVED BY THE COMMITTEE 


New Standards (registered in November-December 1959) 





GOST 5461-59, Electronic, electron-vacuum and semiconductor instruments, Ionic instruments, 
Notation system, Replacing GOST 5461-56, 
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New Instructions for Checking Measures and Measuring Instruments. (registered in 
November-December 1959 and January 1960) 





Instruction 65-59 on checking reference one-liter hondrometers, Replacing instruction 61-42 of the former 
Kommerpribor in the part referring to the checking of reference hondrometers, 


Instruction 94-59 on checking measures for determining the level of liquid in tanks and cisterns, Replacing 
instruction 94-51 of the former Kommerpribor, 


Instruction 148-59 on checking profilometers, 
Instruction 149-59 on checking profilographs, 
Instruction 277-59 on checking photoelectric colorimeters, 


Instruction 301-59 on checking reference and operating radium preparations calibrated in units of radium 
gamma- equivalent, 
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